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J>rePwce 

• 

Thj state 0 % industry during 1§21, reviewed in the light ' 
of the unprecedei^ed cflnditions of the past sevei^ y^aw^ 
has served only to throw into sliarper relief the vital 
ec(>nomic principle §n which heafthy industry is base<l; 
4hat of providing commodities and services at a minimum, 
and prjrferably diminishing, cost.* The reduction of pro¬ 
duction costs in the past haswlways been obtained throtlgh 
improvements in manufacture resulting ift greater yields’ 
*for E^ven expenditflre of labour, but the progress achieved 
thercby^ias been largely fortuitous and unregulated. In 
order to maintain current standards of living and culture 
in the fhee of burden»left by the war, it is imperative that 
industrial development iiMuture be definitely assured. 
Since manufacturing advances are wcji by the introduction 
into industry of new knowleclgd, it follows that^ new 
knowledge must be systenjafically sought, and that^ a 
portion of the product of industy' must be ^et aside for 
pursuing the means of further progress, In^;xisting manu¬ 
factures, rtfew knowledge will result in the introduction of 
the most efficient and .socially most l}encficial productive 
methods ; to the possibilities of the future it implies 
organized and intense e#fort towards the cultivation of 
•ew industries and new products, 

.Onithe mffterial side, the cause of progres^demands close 
study of commercial, rcaourct*, whether actually or ^rten-^ 
"tially valuable, ariH of tl\pir application and disposTtioif in 
■lanufactured pjoducts ;, it demands, ffcat is ^to say, 
scientific research. On thej)ersonal«iide, it calls tm less 
for the proper technical Jnd stx-ial education of all gradis 
of workers, together with the fullest ^itgation of their* 
powers in cnodeait^idministrative systems affording the 
most effective coyrdiifition of personnel. , ... 

*The o^nization necessary to me(|t the two requirements 
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thiE broadly distinguished a$ research anti education will 
be an integral part ofthe neyer t)fp 5 of ii^iisfrial a^dminis- 
tration^and the exercise »f these fuSeJions will provide 
solutions to many .pressing indu<itri!ii*. problems. Research 
!md education will prove powerful Aonoidic Weapons inrthe 
doiK^irvation and development of those*markets an which 
our industrial prosperity depends, and instruments for 
the quickened, ordered progress of society. 

An attempt has beei^made in this book tq Consider the ' 
nature of research and its application to the pr(%ressive 
deWopment of industry, an^ to indicatg the manner in 
which existing research resources may be pLaced at the^ 
disposal of industry, thereby affording guidance Jo indus¬ 
trial managers in determining tljp m?)st .effective manner 
of dealing with their manufacturing and other problems. 
Recent tendencies towards co-opeCative action for the 
conduct of research, notably distanced bjj the formation 
of Research .Associations in Great Britain, are examined, 
together with the conditions under which a works research 
oi^anization ma> be established. The internal organiza¬ 
tion, desigify staffing, t^uipment, cost, and direction of 
research laboratories foi*^ industry, and their relations to 
national, university, and private laboratories are outlined. 
The progress made in the world-wide moc’emcnt towards 
the foundation of resejych institutions is briefly considered. 

Some qf tHh illustration^emf^byeJhave been reproduced 
from a Paper entitled “Planning a iyorjfs Researc!i 
Organization,’/ delivered by one of the authors (o the 
rli^titijtion of Electrical Bngin'cfrs ^uriiV the session 
1918-1919, and the courtesy of tjife Institution in per- 
mitting^eproductiem is here'by atknowledged. The authors 
are IHso^indebted t<f the fojjowigg firms for permission to 
fhake use of.plio>ographs and drawings of their research 

' kboiatorifs—w t v 

• ' » 

Metropelitan-Vickers ^lectrical (k).. l4d., Manchester. 

Kyno^*Ltd., Biriyingham. 
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latter is the inevitable preeftrse* of the former. In other 
words, social progtess, as understoQd»*among Western 
pcopl^, is dependent tfjion tfn/jtcadily Acreasing 
productivity and.efficicnfy of’manufacture. , 

INFLUENCE OF INEfUSTRI^ PROGRtiSS 
ON SOCIAL DEVELOPMENT* 

Since the war the means of production, which had been 
considerably modified or hastily improvised do jneet yid 
demand for war products, have been only slowly rewadapted 
td supply normal recpiircments, and thj pre-war rate of 
producjiwn ha* not yet been reached, although the demand 
has been great, and will probably continue so, except for 
periodic fluctuations or abnormal* d^rcssions due to 
financial disorders. The burdins imposed by increased 
prices and taxation alone would have been difficult to 
bear under prd-war conditionf, but the,quickened social 
consciousness whiclj' has resulted not unnaturally from 
the ^ war, tflc higher ideal of social development ^ and 
progress, deniiffids enormous^ increased expenditures, not 
unproductii’e in* the truest sense, but yet requiring the 
provision of funds, not •yielding an immediate monetary 
return. Thus, apart from payment for war services or 
injuries, money is mgcntly required for all branches of 
educational work, for the provision of relief work for the 
unemployed^ the provision of Vild-agc pensions on a more 
generous''scale, and for of her social projects. Nor does^lt 
appear that fhe relief which was anticipated iif some 
departments of national exp-mditu.c wdl ba Realized, at any 
rate for some time to come. Industrial workers demand 
hours of labour, remuneiatior, and working conditions 
which industry in r rudimentary state of development is 
vnable to bear. Wages tend no longer to depend upon and 
to fluctuate fvifn fhe general prosperity of industry. The 
tendency is to defermine a level from social and personal 
considerations, often ■without adequate thought for 
economic c possibilities, and to leave it^ to the industrial 
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administrator tO*endeavour to arrange tliat the return Isom 
industrial process slpll be such as. to permit of it. 

If, therefore, this% all to be accomplished without impair¬ 
ing the effcativencss df BrjJ-ith iwdustrios in competing for 
foreign markSts, Iiew duress pf wealth must be created 
and exploited, aiffi more effective methods of woallli 
production established. It must be borne in mind that 
while there is evei^ need for individual and national 
csonomy in* pll expenditure, true, economy directs that 
wise c3(f)cnditure on the means for cheaper production 
should be encousaged. Only*in this way can the material 
well-b(jiig ancillary ^0 social progress be secureef • 

THE >R0GiyaS6 OF INDUSTRY AND ITS 
MODBRN TREND 

Industry is, in it? simplest conception, merely the 
transforming process wherimy natural resources are modi- 
fit'd, through a series of operations, Aften ej^ending over 
a period of ycars^into commodities required to satisfy the 
needs of the community. Originally, eaph man provided 
himself, through his own exertijpis, with slRilter, food, 
clothing, and weapons, but wifh tlK growth of small 
coimnunities he was compe(Jed to recognize the economic 
value of specialization, which permits advantage to be 
taken of natural tastes and aptitudes, and facilitates the 
^vclopment, througff long*pracJicc, of spcciJl skill. This 
process of specialization has continued at a quickened 
pate, and, by reason of the resulting savii|[ of time, has 
rendered possible,that* feisuft from which intellectual, 
j^ogress has sprung. •, * 

' The transforming proerts int'olves the %ihployjficnt of 
men anil women of evq^Jtind, unskilled, semi-skfllcd, 
and skilled workers, fa«€men, managers, engines, cliemistt, 
accountants, salesmen, flhancicrs. Alsf iWctly engaged * 
as a conscience of industry are those employe# in the 
various transport systems. Less directly engaged, but 
concerned as intimately in the indil^trial equilibrium, are 
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teachers, preachers, barrist?rs, ’solicitors, medical men, 
and ^thcr professional workers. ^ Insjftutions such ^ as 
schools, univcr«ities, hospitais, church^, libraries, museums, 
prisons, are all maintained out^of tHe product* of industry, 
and their financial stability deperiHs on* th^ general pros- 
jlerity of industrial countries. EveR those who find 
comfort in the thought that they are remote from^the 
business world and its activity are v<ry vitally concerned, 
if only as consumers qj industrial products., ‘Particulady* 
in^a country so dependent as Great Britain on ifc manu¬ 
factures, each person, whatever his or hpr occupation, is 
affected lly the general industrial position, and should be 
interested in those circumstances which enhance or retard 
trade, which assist or diminish the r;de of production, 
which influence raw material sup^)lies and their economical 
use, and which determine th^ efffiiency of methods of 
production; that is, in the factors that influence or 
determine industriat*progrcss. • 

S^ogress irf fodustry 

Industrie# progress depends essentially upon the acquisi¬ 
tion, development,* an(f application of new knowledge. 
In the rudimentary, stages qf growth, new knowledge is 
abundantly derived from the everyday experience of the 
workers themselves, ,alt of them adding, consciously 
or uncojjsciiusly, to thq bo(!y of’tcchnique comprised 
in the sum total of the industrial processes. ,Occasionaily 
impetus is giVen through the inspiration of a genifts, not 
nKessarily engaged in the ifi^sti^, lirho accelerates 
progress by ^me remarkable inve^ion or discavery. 

A tipte ultilnately arriVes, 'however, when the mofe 
obvfcus developments are^exh^isted, and the continued 
?xpansion of,the industry makes tfiblikelihood of startling 
innovations by ^'orkeis, or e^en by gifted amateurs, 
progreisively smaller. Unless the industr/ is left to 
stagnate, or to wither through competition, the mategal 
for growftj must conft from other, sousces, and what was 
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the province of manual skill Aust pass t« design, direction, 

and managem^* 

• • • 


Trend of Moderi^ Industry 

Everyday expetienc^ an*d,obscrvation, garnered in the 
first place by manutfworkers, ultimately become organized, 
sifted and tested by trial, to form a body of knowledge or 
science which can be»devcloped furtlier by observation and 
' e;(periment.*and applied to assist the progress of industry. 

The ferther experience gained in the expanding industry 
suggests fresh sybject mattes’ for scientific enquiry, and 
so science and industry act and re-act S)n tftch other 
contisuously, the horizons of b(.)th being widened in¬ 
definitely. Any.ont branch of science may influence 
innumerable industries, lome of which may be of recent 
growth, but science h*d its origin in the primitive practical 
arts and demesne crafts, such as the preparation of food, 
taeatment of skins, agriculture, brewing, thq preparation 
of textiles and dyeing. The art of navigation was practised 
prior to, and provided the iiytial impetus^/or, thestudy.of 
astronomy and geography. Botajjiy sprang fnnm the lore 
of herbalists, shepherds, and rtllers* of the soil, while 
ordinary contact with things sufficed to rouse the spirit 
of inquiry which has resulted in the sciences of physics 
and chemistry. 

Improvements in ihdusti^, and the bases 9n which new 
industries are founded, are provided in the main by 
invenfion and discovery. The former principally 
contributed /y* thsse engaged in the technical direction^ 
of industpes, which, b^ virtue of their comptexity, dlmatid 
Extensive technological ttainiflg. The hftter is^ mainly 
contributed by scientific .weykers in ^search laboratsries. 

While the pot<aitiali8es*of science as an aid to ilidustriftl 
in-ogress have long })een*realized, the |uilvt of improve-' 
ments has%iot been systematic. It will be shown later 
t|)at scientific dis»veries cannot in general predicted, 
and that scientific endeavour must largely proce^ without 
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a dear vision of khe end to*be afhieved.* Consequently, 
discovery cannot be; systematized,^ altbbtigh it can be 
more effectively co-ordinat(;4. and th^ probability* of new 
discoveries being ;nade aan be inc»cased by, the proper 
endowment of research and the prdvisioA of t)pportunities 
f<tr suitable men to (indcrtake such we'rlc as a vocation. 

Tlicrc is no doubt, however, that applications of dis¬ 
coveries can be systenutically made. • Hitherto there has 
frequently been a consid^erable time lag betwecjrfa discovery ' 
and its application, largely owing to lack of experimental 
facilities through which rigortius largc-sc^e tests may be 
conducted; ‘ A'dvances in different fields of science have 
been unequal, although it is known tfiat advances ii* one 
field profoundly influence those in’others. A striking 
case was afforded by the consAuction of the Panama 
Canal, the most ^spectacular achievSment of engineering 
science, rendered possible by research in medicine. 

In the pastjndustrMl'progress has been largely fortuitous 
and due to the stimulus which the desire for personal 
achievement and,reward gives to individuals. While the 
progress thweby secure^ has been remarkable, it now 
appears necessary So nftke a deliberate and conscious 
attempt to aid industiy by all Jhe devices of which human 
ingenuity is capable in the directions of selecting and 
training men, of setting them aside specially for research, 
of providing ^he necessary fupds, liberally administered 
so as not to impose constraint or restrictions!, of endeavour¬ 
ing to apply dii;overies, not only in one but in all bra'hches 
^)f industry in which they canAie of strviee, afi^of educating 
all’graAcs of wbrkcrs to appreciate the benefits ohresearch 
so that they may accept anfl welcome progressive develop¬ 
ment* and the changes which# it .necessitates. How this 
deliberate and conscious evolution be secured through 
proper organiz%tior| will be discusked Ifter. 

’ See Mr. A. E. Seaton's paper in the Trans. Inst. Ni^al Arehiieets, 
1918, for some illuminating examples in marine practice, such 
an industry aifmarine cngineeflng, unless full sMe demonstratioih 
can be madd! conservati^ is essential. e 
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THE APPMCATI0N*‘0F SCUENCE Ttt 
IJJDUSTRY . 

From the above fonjjideratiotfe, it is clear that a narrow 
view of the pajticr^lar sgcntel which rcqfiirc to be studied 
will not provide for,Uie fullest progress of industry. Not 
only mus{ those sciences be included w'hich enlarge our 
immediate knowledge^of industrial materials and processes, 
«uch as chejnistry, metallurgy, physics, but also those 
thJ appljpatioft of which is less obvious, as, lor example, 
biology, medicine, psycliologj^ anthropology. Tlie prob¬ 
lems of industry *are primarily human probjcms/ind only 
secondarily material problems. 

Furt1ie«nore, t he terju ‘' industry ’’ must be equally broadly 
interpreted. For*thc prcj^ent purpose it may be held to 
include not only ordinary manufacturing proccs.si's of all 
kinds large or snull, haiHl or machine, but also agri¬ 
culture, mining, and methods of transjiort. The applica¬ 
tions of science will not merely refer to industrial materials, 
processes, and products. They may be utilized at etery 
point in industry where there^s need for the detominatidn 
of standards, for ascertaining facts^tir for accurate measure¬ 
ments. In such important fields as vocational selection, 
education, industrial admiitistration, and management, 
scientific investigation may be requisitioned. It is not 
unreasonable to hope^hat it may provide th| solution to 
ntiny acute industrial probfems'in which the goodwill of 
conflicting parties is not lacking but in which facts are in 
dispute. Its •^adynic, jmpajTiality and'thoroughness 
cannot be questioned. , • • • 

* • * • __ 

FRUITS OF RESEARCH INDUSTRY 

It has been emphqikEed above that social prioress « 
very intimately boupd up with the in^rdk^ of material • 
wealth whicti industry renders possible, and that saientific 
rejearch provides^ important means of adi^ng to our 
mkhods of wealth production. Hie value of* research. 
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wl^ich is its justification, is'thertfore both material and 
moral, and of conseq,uence to all classes«#^he community. 
The mbre striking value is pferhaps ecdnpmic and t'angible; 
the less obvious, fhough.perhaps nnore important, is social 
and educational. 

e 

Economic 

It is virtually impossible to assess fir.ancially the achieve¬ 
ments of scientific discovery ; only a few bald-and isolated' 
illustrations can be given. No one requires, however, to 
be' convinced of the value to^iumanity of,the work of such 
men as.Kclvin', Faraday, Watt, Bessemer, Darwin, Lister, 
to mention only a few distinguished feritish names. • As a 
consequence of research one is enalAed,to travel farther, 
whether by road or rail or watfr, or even under the sea 
and in the air ; to communicate* farther, whether by 
telephone or telegraph, with or without wires ; to produce 
more food, to make m6re goods, and to save more time and 
laboyr. It has given us more knowledge of the human 
organism, has 'provided anapsthctics, antiseptic surgery, 
drugs and dyes. It haj devised the electric drive, prime 
movers, and a whole ratige of materials and products for 
our convenience apd use. Research, through the 
amenities which it has provided, has added to the 
spaciousness and the ^race of human life, which it has 
lengthened tfoth literally and ^gmattvely. 

The economic benefits of research are ^shared by tfie 
whole commipiity. The manual worker fs espfecially 
^ concerned with the lowering bf* prkes •consequent on 
clleaplncd praduction, and with the ^cater possibilities 
of employment arising frtrm the establishment of neW 
induBtnes. The op^nunitie^ oppn to the technical worker 
ate increased. The invested and fitiftneier find in research 
* a means for ^ovision of new fields in which capital 
may beiprofitably employed, and for the analysis of projects 
of a techipcal character; ihvolving th^ expenditure pi 
capital. 
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THE BASIS f)F SOCIAL PSOGRESS 

• .. 

Some illustrations of the riloney value of research nifiy 
be indicated. Tli* electrical engineerpg industry has been 
bmit up^ince Fara^StyNon of^blacksmith and appfentice 
to a bookbin<ler, first aecertsujied the phepomena of electro¬ 
magnetic indicti*!. The’capital employed in electrical 
manufactaire now rtihs iflto hundred»of millions sterlingi 
In 1900, the value of American manufacturing industries 
developed from patanted scientific inventions was about 
‘eighty raillmns sterling per annum. German pre-war 
exportsAaf coal-tar dyes, all discovered through research, 
amounted to fiv^ millions stetling per annum. Dr. W.^. 
Whitney states that the improvements iit cledtric lamp 
manufacture from l8oi-1911 have saved consumers about 
fifty milfions ster\ing^er annum, and the most remarkable 
advances in lamp produltion have taken place since this 
date. The value of tesearch to industrial firms may be 
indicated by tht experience of the Du Pont do Nemours 
Go;, U.S.A. This firm sprent annuallpsin research amounts 
increasing from £10,000 to £400,000. Diming the ppriod 
1912-1915, it is estimated tjjat the totaU’xpcnditure lyas 
£240,000, while the direct and indirect ’savings resulting 
were about twelve times this atnount. The application 
of scientific method to agriculture, one of the most ancient 
occupations, has revolutionized our ideas of the yield of 
crops from a given acre of soil. 

A most important economic aspect of rAearch lies in 
tlie conservation of resources, i^vidence is not lading that 
some^iatural products now essential to cii|ilized life—^for 
instance, oil,’ «coalv metillic eres, wood-pulp—-are within^ 
measurable distance • of exhaustion. Threngh sdentfSc 
fesearch, combined mth surveys of natural resources, it 
will be possible to copse^ve these* pmoducts, ’derelop 
substitutes, synthetic products or alternative st^)- 
plies, or obtain {hem* from new mW* materials. The* 
recovery 8f waste products and by-pM-oduct* needs 
ipvestigation as necessary supjplement to ^e work of 
conservatiem. 
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Sc^pial and Educational • 

The^social possibilities of reseyc|j ffollow from the 
economic possibilities. TIk piore intensive production 
of the means of subsistentc will enatile industries to work 
for shorter hours and will .afford^fhe^means' for a higher 
standard of living and culture. Tlie eSucational' value of 
research is of less general concern, but educators agree that 
one of the best ways of developing po^^tcr and independence 
of mind in a mature student is to permit him.tb urJdertake 
an investigation in some branch of science, involving some 
degree of personal responsibility. Indeed, research work 
arising from this educational function has produced an 
appreciable fraction of new scientific knowledge, although 
the rate of production of the latter renders increasingly 
difficult contributions of great vaRie by immature workers. 

Political 

Since the \uar it hat been freely recognized that scientifib 
research is one pf the principal ways in which one nation 
may seek to establish an assendency over another, and 
that it is a*" legitimate rnd necessary sphere of activity 
for all the great irsiustrial countries. Merely from the 
point of view of natipnal safyty it canpot be neglected. 
In the case of a nation bearing such vast overseas responsi¬ 
bilities as Great Britain, and having access to such remark¬ 
able natural resources ip c»mparitiveiy undeveloped 
countries, a vigorous and broad-minded i^e.arch policy 
is (foubly neceslary. 



CHAWtR 'll 

CHARACTER Of’RESEARCH 

Research implies the 4 )urposeful set'king of new knowledge. 
Tlif term is applied to any branch of enquiry, though it 
is in conweetion with the natural science's, such as biology, 
chemistry, or phjesics, that it 4ias come to have a speciSl 
significance. Through research, scientific worliers e'adfavour 
to establish by selection of and comparisons between facts, 
either prA'iously lyiorfn or disclosed by expeeriment, those 
definite consistencies in n^tm■al phenomena termed laws, 
which, modified as science expands, ultimately attain a 
universal validity. The priJedure followed is that imposed 
by.the use of scientific method, in which experiments under 
rigorous control are performed, observations are made^nd 
logical conclusions are drawjr within the'limits of the 
observations. A keen, well-trained minel witfi a wide 
knowledge of science may be able*?o a^liieve by a process 
of analysis and synthesis a generalization or hypothesis 
without the aid of experiment, although the truth of the 
conclusion has to be tested practically. Such procedure 
is frequently followedwn mathematical, astronomical, and 
pliysical science, and by prelimmary theoretical* work a 
scientific worker is sometime* able to prq^ct a truth. 
The prophecy *af Ckrk-AIaxweU respecting the existence 
of electric,waves, detected later by Hertz, and the^ndi!^ 
pendent prediction of t!ie acisteece of Neptune by Adams 
and Leverrier, are well-knowi^ example*. In the ch%n%al, 
biological and physiqyl dbiendes, the chief melliod of 
attack is experimental.* The concluaofts^'drawn are 
frequently Ifciited in"scope, but suflke for many purposes, 
Brtween the simplest experimental work on the one hand, 
and the daring and transcendental imagu*ttion of 
It 
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gepius on the qther, therfe is .every grade of difficulty 
and complexity in scientific work. MS.iie few men can 
hope ib rival the achievemfiits of t{ic*m,bst famous investi¬ 
gators, a conscientious ,application, of scientific method, 
directed by a trained mindt will enable much necessary 
work to be accomplished There dro also innumerable 
improvements continually being mad ' in industry by 
technologists, whose primary concern is not research in 
the ordinary sense, and who lack time and opportunity^o 
apply scientific method fully. Such improvcme-its may 
be assisted by rough qualitative experiments, sometimes on 
a large, scale, and intelligent anticipation and surmise are 
freely used, the results being of the nature of first approxi- 
rnations only. Industrial conditiolis .necessitate rapid 
decisions, and circumstances (nay prevent exhaustive 
examination, even to a research ‘specialist proper, but 
such work may'for the present purpose,be considered as 
research, since it .does reveal something, previously 
unknown, of value, even if the knowledge is incomplete. 

.Research may therefore t)e considered to mean the 
applicatioa of scientific ^method—observation, experiment, 
deduction, verification—‘to the disclosure and utilization 
of hitherto unknown or unrealized facts, and the establish¬ 
ment of relations between them, however slight their 
general significance or local their application. It is 

essentially cfcative. 

«> 

AGADEI^IG AND APPLIED REaEABGH 

Modem research may obviously bo claKstfied into two 
■ ifiainMivisionc, the first of which has been terrqgd " pure 
science,” or "<academic,"‘or "pioneer," or "abstract'’ 
resetrefi ; the sccoud bcing^"qpplied” or "technical” 
ivsearclt. Where the lattef hal bifn concerned with the 
advancement'^)! manufacturing industries it has become 
known <as " industrial ” research. ♦ 

Academic research is generally directed towards tjte 
exploration of uncharted areas of scirace; collecting, 
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collating and interpreting fails, by experiment or othsr- 
wisp ; formulat*r|*theories based on ,selcctcd facts found 
to be infer-related^ \nd deteftjiining the general validity 
of such theo*ies by eX{)eriinent. •Applied research endea- 
votliA to utilfte &istin| knowledge for the solution of 
some scientific proBfem or for accomplishing some utili* 
tarijn end, such as the prevention of or cure for a disease 
in medicine or surgery; the development of some new 
field of huntip activity in industry, or the more efficient 
and economical conduct of existing industries ; or, indeed, 
with any preliminary or exjlbrimental work involved m 
the '* direction of nat^al forces for the use afid ctifiwenience 
of njcln.'’ The boundaries of such a problem are set by 
some human need anS not by a philosophic desire to add 
indefinitely to the existin^structure of scientific knowledge. 
Academic research remits jp ascertaining new facts, while 
applied research* uses these to serve some practical end. 
The distinction that is often drawn biAwecn academic and 
applied research is expedient, and will doubtless be.per- 
.petuated. Considerable harm, however, j'csults from tjie 
assumption often made as a conscqjicnce of thisaiistinction, 
that academic research is confineB to icsearch institutiems 
and university laboratories, and that applied research is 
confined to industrial laboratories. The mischief is 
increased by the further assumption that the aim of 
ajademic research i^essentially^ good ^nd altruistic—the 
increase of Jhe sum of human knowledge-—and that the 
aim of applierj research is essentially base arid mercenary- 
being shaped B)y^*coifltrtercial and economic consider¬ 
ations. •The extreme view was perhaps expressed 6y the 
l^ofessor whose chief pride fit a certain discovery lay 
in the fact that no one.wcjild ever he able to mafca use 
of It. 

Experience indicates that it is diffici^ Bjiot impossible* 
to define Sharply between the two branches. Between 
tie most empiriod—4f exhaustive—factory ejgjeriment at 
the one extreme and the elaborate and remote scientific 
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investigation at 4he other‘ther» is a complete range of 
gradation. , • 

It IS erroneous to suppose that any one type of re¬ 
search is conducted in any particular kind of institution. 
In many universities applied research'"is <f)ne on ai. con¬ 
siderable scale, and in the case' of t'lte National Physical 
laboratory it would probably be no exaggeration to 
say that this institution in its early days purchased its 
right to carry on pure science research in a fugitive faslijoh 
through considerable standardization, routine Wbrk, and 
industrial research. The proportion of rpsearch conducted 
at these Institutions that is inspired by industrial needs is 
jnuch larger than is commonly supposed, but this is no 
nuitter for regret, since many industVial^rroblem-s can only 
be solved after additions haveWreen made to knowledge 
which contribute to the sum tcjtal of pure science. On the 
other hand, industrial laboratories art*, not necessarily 
restricted tr; applicci research. They may undertake pure 
research with just as little certainty of ultimate utility as 
other laboratories, and always a certain amount of pure 
science work will be inevitable before sufficient data is 
available for niaiky applications of knowledge. Some 
industrial laboratories, in fact, have produced work in 
pure science which confers on them a reputation rivalling 
that of many academic institutions. It is, therefore, a 
great error Ho identify one .branch of research with^ a 
particulm type of laboratory. 

Particularl]f unfortunate is the superior attitude dis¬ 
played by some pure science workers tuwaitis those engaged 
ih its'practica! application, an attitude which is i^sponsible 
for much of the lack of cd-opefation between science an‘d 
industry. Science Uonfers m^ny, boons on humanity, but 
its potentialities are lost i*f the ^{^rlication is not made. 
To-day the |p^li|ation of a discovery may necessitate 
considerable expenditure, together with mally years of 
eftort on tl^c part of highly^trained tech*ologi.sts, who nyw 
form a new profession.* The sole diflerenc^between the two 
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branches is one of aim, academic research working for the 
increase of huAa* knowledge, applied research for the 
satisfactlbn of som^lihman neef^j The motive of thelatter, 
that of service to the community, may be po less honourable 
and disinterested, 4nd is^rotably more human than that of 
the pure research wAker. * Tlie research worker in industry 
frequently chooses not to undertake pure research exclu- 
sivefy, for the reason that the more austere ideal of academic 
ke^'arch does not appeal to his sense of need for practical 
rt'suHs, and it is doubtful whether many academic workers 
would continue ij they were Convinced that their labour 
would never be of use other than as an addition ta abstract 
knowkdge or as an educational stimulus to thentselves. 
Many, iifdccd, detivc^their chief interest in the thought 
of possible application, cifcn in their most remote investi¬ 
gations. To attributtf a igercenary view is unjust to a 
large and incre^ing class of workers in industry and 
elsewhere which normal specializatiwi of fjmetion has 
brought about. In the pr(x;ess of application, the work 
of those engaged in pure ainl applied research forms, jis 
it were, two links in the chain, in ^liich the ma«ufacturcr, 
technologist, and manual worlftr may jierhaps join, 
before a discovery materializes into a convenience to the 
ordinary citizen. 

It will be shown later that workers for both branches 
require similar types %f acacjemic training, alfhough other 
personal qualifications may, in the case of industrial work, 
determine the choice between two men of sifiilar capacity 
and experience.* Tic equipment and buildings required 
are essenf^ly similar, except in scale. Men now biovfe 
fftely from one type ot laboratory to thesother, without 
regard to the nature of thp wprk to bciperformed, a'nd«ny 
other procedure would Juirih bof h pure and applied Science* 

For the purpose of this book, thejeffirf, the terras ' 
difierentiati^ the one type of researcli from th* other 
wijl be freely use^ but without any impUcatit^ as to the 
laboratory in which they are perforitKd. Industritil research 
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wjll imply research conduc<fed in •industry, including both 
academic and applied research, acadtsAic research not 
neceswrily meaning the r^^earch wolkcof universities, nor 
applied research .that of indwstrialt-laboratoqes. 

.RELATION OF ACADEMIC' TO APPLIED 
RESEARCH 

Tlie main difference between academic _ and applied 
research in practice lies in the fact that the pure sciehce 
worker docs not know precisely what end he will achieve, 
since he has tp explore tentatively in any direction he can, 
while the applied science worker .Joes know definitely 
what he is required to accomplish. ,,The opinion has'been 
expressed' that industrial resemch is hjore exacting and. 
difficult than academic research, .and more varied and 
interesting. The pioneer wofker explores the unknown 
field, while the applied worker surveys the territory in 
detail and' makes' it habitable. Clearly, without pure 
sciehce rcscaich. nothing can be applied. Academic 
rfesearch is fundamental, apjBied research is consequential. 
The one is the foundJtwn, the other the superstructure. 
The one reveals the forces of Nature, the other controls 
them. Tire result of yure science work is the raw material 
of those engaged in application. 

The worljer in the field of industrial research requires 
a deep and intimate knv.wleilge of the technology of ihe 
nraterials and processes of the industry cancerne^, of its 
needs, of th^ limiting factors wjiich govern and determine 
}he lyeight. strength, or quality of its products. He can 
thus foresee .applications of knowledge of Which , tjie 
orijpnttor is ignorwt. Any one scientific discovery may 
Jre applied in innumerable ifiduStpes, the character of the 
application heipg different in each.* The research worker in 
' *' ' • 

»Su remarks by Dr. W. H. Eedes and Prof. P: Bacon in the 
discu^on on " Planning a Worlm Research Organisation," /onntaf, 
S7.m and 57.183, and Swinborne. " Technical Researrh,” 
EliOmim (1816), 77, 836. 
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industry is, therefore, essentijTto the adequate appUcatjpn 
of contemporary ^vances in science. 

‘*A11 science is Pure*science is often imnfenscly 
practical, apjilied scieice is'pffee very j)urc science, and 
between the tg/o there * nb dividing lino. They are like 
two menibcrs*of »*long and'intergrading scries, very 
distinct in their isolated and extreme expression, but 
com{)letely connected.”* 

RESEARCH AND INVENTION 

A discussion of the relationship between scientific 
research and invention may be conveniently jmstponed 
until consideration afises of the type of worker required 
for research. M^iy •people, however, confuse applied 
research and invention, j There is a broad distinction 
wliich may be noted, although the difficulty of differen¬ 
tiating between ^hem arises from the fact that many 
di^overers are to some extent .succe*ful inventors, and 
nearly all research workers at some time or other,are 
compelled to devise and develop apparatus and applianc^js 
which are virtually inventions. The empflasis yi research 
is on training, and in invention or experience. 

In research the means govern, or tend to govern, the 
end ; in invention the en<f governs the means. Pure 
invention is empirical, but the field of science is so little 
charted that purely empirical efforts may add often do 
produce astonishing results. It has been said, for (fttample, 
that the telephone could not have been in^imtcd by an 
electrical engirffe#r. «o distinct* from ordinary electrical 
practice is^the principle it embodic's. Nevtrtheles# th# 
optophone was invented bjr a physicist, and physicists 
have Bfcen responsible for all the remarliablc developments 
in wireless telegraphy |ii(f*telcphony since Edisoif madcR 
that original and purely empirical cxperigi^t'now known 
as the l^soif effect. ’There is, thereforef much to he said 
for the itrere obsejvation and recording of siiperficially 
' J. M. Coulter, Scuna. 18th April, 1919,«t9, 36S, • 

9-(l830] 
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inexplicable phcijomena o'fc this .character, as any one, 
made by a man who.is not under tl^ tyranny of pre¬ 
conceived or estabfished foeoriesf rfidy be the<. starting 
point of a mass of scientific vtork. o 
Research, moreover, is a .vacation, in i^ich a worker 
may be continuously engaged, • pursued in the lig&t of 
fixed scientific principles. It results in new knowledge, 
which may be applied in an invention. On the other hand, 
few people invent continuously for the purpose of making 
a living. Invention ^hich results in a practical working 
device or contrivance is laegely a matter of circumstance 
and environment, as no one is likely to iormulate a device 
unless compelled to recognize a ne^d. It is generally of 
two kinds. An enormous amounti of invcntioB.\ ranging 
from insignificant improvementf to revolutionary devices, 
is made in the ordinary way of professional services by 
industrial technologists, and dimply records the progress 
of the art in which,they arc interested. Such workers are 
frequently iiiglily technically trained, and if they do not 
formally conduct industrial research it is because their 
major interests* lie in other directions. Another t 5 q)e of 
invention is made, by ‘men who have what is termed the 
" inventive type of mind,” and who are able to visualize 
mechanical motions tb an dkceptional degree. Such men 
are not interested primarily in research. The end b to 
them all-irfiportant.‘ They would, for instance, during 
work oh an invention. Ignore phenomena not relating' to 
the main issye that would at once rouse tttt curiewty of a 
research worker. A characteri^.ic pf rpsearch work, on 
Hhe^)ther hp,nd, is the manner in Which important side 
issues are noted for future investigation. Inventors of the 
la|ter'’type often have very slight technical education, and 
»it is {X)ssible that, being less subject to conventional ideas, 
they are able'tcy exercise a freshness of view which resufts 
in fertile suggestions. Many industries, sveh as textile 
manufacture and printing, daily use remarkable inventions, 
though they have been cbnq>aratively little influenced by 
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scientific research). Invention is closely related to empirical 
work ofa" cut«i^ dry "fliaracter.although it is frequently 
leS systematic. iRdt What it 4acks in system is oftA conv 
pensated for by the partinadity*apd doggedness with whith 
an .inventor pprsues hi»idfti. In much’invention the end 
is adiieved with but*a dim understanding of the principlgs 
involved, the consequent uncertainty being minimized by 
the’number of trialji. In this way invention often ante¬ 
-dates scientific research and thus provides applications 
the principled of which arc not fJlly understood. Some 
men, such as Lord Kelvin, aombine in an extraordiniry 
degree high scientific genius with great inventive skill, 
but s^ch cases are fkre. 

Thcreeis a tendency to consider that research results in 
the establishment of nc\^ industries, and that advance in 
existing industries is anainly due to invention, but this is 
not the case. ^Jescarch iJl existing industries will result 
iq improvements which will fill in tlip large gaps left by 
individual invention or inspiration. Some of the ynost 
ancient industries, spinning and weaving, agriculture, 
tanning, have hitherto been little infiuetfeed Ijy scientific 
research. »* , 

Invention is therefore not necessarily applied research, 
though it may be. Rescarfli may be conducted without 
resulting in an invention and yet be well worth while to 
industry through the light it throws ffpon othef phenomena. 
Tlie places of the inventor and Research worker*-pure or 
applied—in Industry, are complementary, |jut not inter¬ 
changeable. 'l^ucl^ isventioB is not patented and 
much patented mStter is the result of reseafch. Retearih* 
will be fruitful, autulhatically>and inevitably. Without 
research invention tends to be localiipd. * 

RESEARCH ^kND KNOIIVWGE 

A scienfSb; researdh worker will, in geifc^l,^ acquainted 
with the existing knowledge in his particular subject, but 
Ufis is not necessarily the case. Conversely, g man so 
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acquainted will not be nc<fesarily a research worker. 
Some rpearch workers have wide knowlwigfc. They make 
frequent and great use of ttjd librar^ are intimately In 
touch with all phaps of the >vork iwwhich thqy are inter¬ 
ested. Others are not experfs, •and nevar troublq.to 
determine other workers’ acliieventents^txcept incidentally. 
They work from first principles. It has been said that 
Hertz, for instance, was not acquainted R(ith the electric 
transformer. 

yhe difference between the research worker and the 
expert is analogous to the difference betvjeen the creative 
artist asid the* critic of literature, art, or music. The 
former in each case may have almost universal kno\^ledge 
of the particular fields involved, butfeapnot be adjudged 
deficient if this is lacking, while if. the latter it is essential. 
Occasionally the creative artist is a*critic, but not often. 
More frequently hfe is the worsf possible judge of his own 
or his conteipporariob’ work. 

ILLUSTJIATIONS OF RESEARCH 

It is evident from,the above that one and the same piece 
of work may be under some circumstances pure research, 
and under others applfcd rcse&rch. The same investigator 
may, during the progress of an investigation, be swayed 
first by the dhc motivff and then by the other. An indus¬ 
trial rese&rch engineer, designing a light alloy of specifiW 
properties, m|y experiment with aluminiiftfi conUining 
varied proportions of added metafe, djscatdtng unsuitable 
aHoy^aftcr preliminary tests and nuiking the tests increas¬ 
ingly exhaustive as he approafhe^ the one m^t near^ 
satiffyifig his requirement. A pure research worka. 
totally Ignorant of applicatkrns eii aluminiqm may investi¬ 
gate the equilibria of a whole group of binary or tertiary 
alloys oontaimng Aluminium and tabulate theiir properties 
merely to ^ add to existing knowledge. An industrial 
research organization or a Research institution may dedSe 
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to conduct a similar investig^ion for thekdelibcrate pur])ose 
of^ selecting aB tijoys which show giomisc for in^ustiial 
purpos*, covering llU? whole’geld thoroughly. Tlie work 
conducted ^n behalf bf the*Alloys Res^ch Committee of 
thejnstitution oAMeclfanical Engineers was done by pure 
science porkers fdt* indbstrial purposes solely, while the 
gain to science was considerable. 

the work ojlithe •Burroughs Wellcome research labora¬ 
tories contains records of many freely published researches 
by highly qualified men, financed T)y a company, as d^ 
the work of the {esearch labcAatory of the General Electric 
Co., U.S.A , which has produced the drawn^wir^lanp, the 
half-watt lamp, the Coolidge X-ray tube, and many other 
products of consglcriblc industrial importance. 

The theoretical investigations of Clerk-Maxwell laid the 
foundations of a developt^ent, which through the efiorts 
of Hertz, Lodg», and other pioneers, together with the 
wiork of Marconi in developing the industrial.sidc, has led 
to wireless telegraphy and telephony. ^ • 

Kelvin and Joule laid tljp foundation of the method 
used for liquefying air which Haijpson and, haally, Linde 
utilized in a liquid air machine. • The#work of Claude led 
to the enormous industrial developments in the use of 
oxygen in welding and cutfing, and in nitrogen fixation. 
On the problem of nitrogen fixation a large number of men 
have worked at all points, ^nd^several metSods are now 
commercially available. * 

TaySor, iti America, studied the art of gutting metals 
for a period o\ •ve* twenty years, and was largely instru- 
iBental in,discovermg high-speed steel, a picee of indBstrBD 
research of fundamenf*al and far-reaching “importance. 

Rdntgen, who discovjre^ the pr*perties of ^-mys, 
rendered possible, firs^to'the‘medical profession ind nobf 
to metallurgists, a method of diagnosis* cB great value. 

Recent ♦ork on the physidogy and psychology of 
fatigue has alrgfidy had consitoable influence in 
industry. 



22 


RESEARCH 


These instances' could be Wtiplied indefinitely. The 
.course,is always the same. The pure s(^£e development 
takes place frequently wit^iout any appreciation® on the 
part of the discoverer of its poesibilitfes, and the application 
follows. No part of thp “dcvefopinefit is necessrxily 
Cbnfined to one particular type of institution. . 



.‘•(7HAPTER III* 

• • 

ADENpiI^^ SOR‘RESEARCH 

Agencies and instftutions for the prosecution of researeh 
may be broadly classified according to the sources from 
which their financial support is derived. This classification, 
*a» might be'expcctcd, affords little^indication of the work 
carried t)n, but, on the other hand, it shows the lines ^n 
which provision for research Ifas developed and the reasons 
which gave rise to jf, since few researcli iftstittttiftns and 
laboratories other than those of a pirivate character have 
been fouJided merely for the purpose of conducting research. 
They have been develojed in the main to meet some 
requirernent involving rc«^rch, the survey of economic 
resources, the establishment of national standards, the 
development of agriculture, industryf cr medicine, either 
generally or in specific directions. This peculiarly applies 
in Great Britain, where thc.strong practical sense of the 
people does not favour the conception of the endowment 
of purely abstract study withodt any justification other 
than its contributions to knowledge. Even in the univer¬ 
sities research is subsidiary to the educational function. A 
distinguished exception, however, is^thc Royal Institution, 
i^th the scientific wdik of wjiich^is associated the names of 
Davy, Faraday, Rayleigh, Huxley, Tyndall, anS Dewar. 
The rSsearefi mstitutions developed in response to some 
definite need p9ssj#s, tb Some’extent, characteristics and^ 
spheres oiactivity peculiar to themselves, and comprfte tllfe 
following principal types-*- * 

National institutidis,* support^ partly or.vdTolly 
by the State. * . , . • 

Privately endowed institutions, foundbd by ^onors, 
but frequently becoming national or quasi-national 
’ in character.* 
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University^ Iaboratoi4es, ^tache(i to universities 
and tcclinical collyges of universit^rrank. 

'Co-operative 'laboratories, fnatr|jained b 3 » mutW 
co-operation of interested partes. ^ 

Industrial ‘laboratoriej.'attachedi to jmanufactgring 
concerns. ' • *1 

Consulting laboratories, provided by consultants for 
general use. , 

Laboratories for limited liability researchj for the 
development and'exploitation of new'products. 
Industrial fellowship .laboratories. 

« * * 

The features of each type may be bliefly considered. 

. « 

NATIONAL AND QI^ASI-NATIONAL 
INSTITUTIONS 

Tliere are many matters of fundamental importance to 
the whole fcommunity that involve scientific research 
necessitating considerable equipment and the services of 
a large nurubcr'of specialists working over long periods. 
As examples, there m^^ be quoted the conservation of 
fuel and other natural resources, the smoke problem, the 
determination, conservation <and extension of national 
and international standards of measurement—fundamental 
to all scientific work,-'the transport problem, public health, 
the development of agricultural industries and fisherids. 
These problenw are so vast, and their influrtrsc on jociety 
is so pervasive, that they cqn be,e^fccti,velx dealt with only 
•r» a Rational jcale, and hence the tendency on the part sf 
all countries tp establish .natipnaU institutions' in which 
the^ may be studjed. With such institutions may be 
gj-ouped those laboratoriee ‘endoived by private bene- 
, factions, by an^ of more person^, which, by virtue of the 
manne^ in vrffich they are controlled X>t of tlv» assistance 
and recogirition they receivq from public bodies, have 
become national in ct^uraettr.. 
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Numerous illustrations of e&tional and quasi-national 
institutions maji cited—in Great Britain, the Nation^ 
Physical Jaboratoiji,the Royjl Instifution, the Ro*hara- 
sted Experimental Station,'th* Laboratory of the Fuel 
Research Boajd; .in the Vnite^ State*, the Bureau of 
Stan3ards, Bureau pf Mines, Department of Agriculture^ 
Smithsonian Institution, Carnegie Institution, Rockefeller 
Institute; in Germany, the Piiysikalischc-Technische 
ReichsanstaH; in Japan, the newly established National 
Lat)oratyy at'TokioA 

Scope and Function 

Thej)rccise scope df national research institutions differs 
considerably in dif!er<^t countries, and, indeed, may vary 
considerably in the history of any one institution, accord¬ 
ing to the view of its^ functions taken by its director or 
governing body. The woA of all, however, answers to 
thj broad test o^utility to the country as a whole. Sec¬ 
tional interests are not served, but work whiCh finds use 
by a particular industry only is undertald.'n if it has a 
national importance or refers\o or influentes other impor¬ 
tant industries. The use of publi^*funds is, therefore, the 
factor determining the research carried out at a national 
institution. Some institutions undertake private routine 
testing for payment, but tend to abandon this as they 
become well establisljpd financially.* • 

The advantage of natiofial Institutions andt private 
foundations Kes in the broad and fundamental character 
of the rcsearcl#^pr|pd qpt. Op the whole, iRrwever, there 
isKomparatively slight contact with industg?, and (^nsq|. 
quently their staffs, mainly^draipi direct frqm universities, 
lack experience in undertaking techi^cal problems on a 
large scale. Both purq luuf applied research ar« freely 
und^aken, and the result; are usually proippUy published, 
but further prork is required as a rule befare the application 
can be made elective to specific industries. 

^ Fuitlui reference to these institution^ is nude in fhnp. X 
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Administration 

, c 

National institutions cover so wdf'a* field that they 
sometimes grow to a con^fterablc si&,•employing hundreds 
of workers. Thp organization terfds to resemble that of 
the Civil Service, having adarge* number bf grades? each 
'grade having definite responsibllities'and range of salary, 
although the director is generally chosen for his personal 
experience in research work, and' is, presumably, not 
sympathetically disposed towards a rigid t 5 'pe, of 
organization. *' 

It is often a characteristic of privately endowed insti¬ 
tutions that ‘a competent research director, selected for 
his eminence in research, is burdened with 'purely 
administrative duties. ‘ . 

Buildings and Equipment • 

Since the major part of the work >is academic, the 
buildings are generally of the multi-storey type, but the 
use-of large s(jale apparatus sometimes necessitates build¬ 
ings of one floor only. The equipment is frequently 
unique in some resp(^ts, particularly in apparatus for 
the accurate detenmination of standards of measurement 
and for precision work. 


UNIVERSITY LABORATORIES 

Since iheir foundation; it Has been the peculiar funetkm 
and privilege of the universities to preseiwe, ti;^nsmit, 
and increase* the existing stctfl^, of^ hujnan knowledge. 

4 Advanced teaching has always flourished best in an 
atmosphere oj the develppment of science, ih spite of 
the fa«t that mer^ of great research genius are seldom 
competent teachers. If the Ihtt&frequently fail, however, 
to understand the condition of fel&tive ignorance of their 
students and to vympathize with their difBf.ulties, they 
inspire their disciples with their own keen enthusiasm, 
often wi^h''most splepididT^ults, *' • 
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The primary function o*f<the yniversitjes is to train men, 
and it has been foun4 by experience the.b nothing develops 
in in advanced student fsuch a sti^se of responsibility, 
independence, and pow,ef, aS the pndeavour^to accomplish* 
a piece of reseafeh and re^cK a ■succccsful,,conclusion as a 
^result of careful experinfental work*and logical deduction 
of cause from effect. In this way the student frees himself 
from the scholastic domination of, the professoriate and 
begins to think for himself. The research function of^the 
university, therefore' arises from and is subject to its 
Educational function. Th« criterion of success of the 

U 

univcfsify is. not its output of scientific research, but its 
production of men competent to “enter the professions 
and business life, research men aming them. Its primary 
object is not research, but the men without whom research 
would be impossible. Research cjnnot be neglected, but 
it cannot safely be emphasized at tl^f expense of the 
training of students.. 

Two features characterize university research. It is 
essentially individual work, and taken altogether it may 
be unive|;sal ih scope. The professor is subject to no 
restrictions as to^whft work he may undertake, except 
those determined by the funds and equipment at his 
disposal. The association cK many workers in one insti¬ 
tution, each working in his own field, provides exceptional 
opportunities lor th< interchange «f experience. Mathe- 
matical»rcsearch, for irfstance, is situated with pecufear 
advantage in a university. Those engaged tn the»experi- 
mental sciences can freely, consult thf mathematical staff, 
‘-io the great benefit of both, for the alfiofness of the latter 
from practicaj condition^ beqom* less pronounced. Jt 
foljows from thes| considerations that much university 
fesearoh is fugitive and fragmentary. There is no formal 
administratmn.iq the ordinary .sense—^little or no careful 
planning, sub-diiMsion of labour, or bo-operaAive working 
on any but the most limited, scale. Occasionally, a great 
research .worker, hokling h .professor!^ chair, recograzes 
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the progress which is possible’ by organization, and, 

having the powe» attract a large,number of students,* 
arraitgcs Uieir worl?%)»that i^ systeihatically covefs a 
•particular field, foundii\g thereby a school of research; 
but, in genera!,,the Jimitad time spent atn-esearch by the 
average graduate, th*«short timer many lecturers and pro¬ 
fessors spend at one institution, and their lecturing duties— 
particfiilarly onerous sjnce the war —all tend to prevent 
cantinuity. , 

m 

Academic versus Applied Research at th^ 
Universities 

Consideiablc discussi#n has recently taken place regard¬ 
ing the particular type of research which universities 
should undertake, and t^re Resent demand for the applica¬ 
tion of science to industry •presents a great temptation 
to yicm to conduct research which is conceived to be of 
value to manufacture. * 

The university tradition is undoubtedly (tli the side of 
academic research, and since this forms the princigal source 
of advancement in pure science, it isjferficularly undesirable 
that the amount of pioneer work should be dimini.shed in 
favour of applied research, tlniversity staffs, as a rule, 
are more fitted for the former, as they have seldom had 
sufficient industrial exjerience to be iiitimately«acquainted 
wiA industrial needs, and vSthoet this familiarity they 
would jrobabiy be led to engage in psuedo-research of 
little value. Fmjhe^ thj Ijmitejl funds avai^ble prevent 
thff erection of apparatus on a large scale, ^or of sqpple^ 
expenditurl on one invastigation^ The discontinuous and 
individual character of university rese|rch is not suited 
for applied research, in jyfticlf co-operative workinji is an^ 
essential feature. Finally, a prominent ntptive in much 
university reiearch isrthe very proper deane for the credit 
which is gained as a consequence of publication, and in 
aj^ed research tfiis is not always possible, nht at any 
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rate until some consideraWe time aftei; the conclusion of 
the work. . »» - 

All these considbration* suggest <l]( 3 t the type of Work 
which the universities ^should undertake, apd which it is‘^ 
in the highest degree desirable‘should ba undertajken, is 
^^fundamental pioneer reseSirch. 'Thert'is nothing to prevent ,, 
universities undertaking applied research ; it has been 
done in some cases and may be; done in future with 
conspicuous success, but tradition, the experience and 
predilections of the‘staff, the desirability ofafree pub- 
Vication, the limited funds and equipment available, 
and, pxpept iinder rare conditions, the lack of continuity 
and the individual character of ifniversity research, all 
combine to form an overwhelming and unsnswerable 
argument in favour of research which does not primarily 
aim at utility, whether in indi/stry, or any other branch of 
human activity. The work' done is ^then universal in 
character, and is better suited to the training of research 
men. Conditions, in short, are actively unfavourable for 
the conduct bf applied research, and actively favourable 
for the conducS of pioneer research. 

The necessary {jualft^cations of this general view require ' 
attention. Some universities and other institutions of 
university rank are, through their metheds of government 
or the experience of their staffs, so closely associated with 
the industnies of the area in whichuthey are situated that 
they ase m an unusual position to undertake app'lied 
research. There's a constant interchanget>f menietween 
the industrj^ and the staffs of. these, institutions, and the 
V tjnajtfrity of ^re students trained are immediately absorbed 
in the industries. Suclj institutions are alJle by this 
association to caijy out a considerable amount of work 
,on the borderland betweeA pW and applied research, 

^ where the va^^ Aadowy Jin'e of demarcation makes ■ 

definition difficult. ' » 

A tendency is steadily growing for students to take up 
research^ Work in iii^ustry immediately after graduatm, 
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while still associated with thei university, and to present 
the work done*iwt necessarily applied research—as h 
:hesis fwa higher Jigrae. » * • 

Irrespective of the 4 )artiAilaf jtype of research most 
ippiqpriately parried oat university and industrial 
.aboratori«, great btnefit will result from closer connectioi^ 
between them through interchange of lectures, visits, and 
5ven* through the ex(;hange of apparatus and equipment. 
In^some cases, university staffs are allowed to supplement 
frequently inadequate salaries by private consulting, which 
mcourages close contact witji industry, though if thk 
tecomes excessive, an undesirable condition srit,es,ii^ which 
he choice of research becomes unconsciously limited. 

If fellowship laboratories at, or in connection with, 
iniversities, in which researches are subsidized by manu¬ 
facturers and conducted Wder university conditions by 
graduate studen^^, are foAded in Great Britain similar 
;o,those in America, care will be required to ensure that 
;ouch with academic research is maintainSd. In the 
aboratories of the Metropolitan-Vickers EleArical Co., Ltd., 
graduate students pursue mvcstigatiotft in ^ industrial 
jroblems, in conjunction with yte universities, for the 
naster’s degree. 

CO-OPERATIVE AND INDUSTRIAL 
Lifi^ORATORIES . 

*Research in industry is conducted largely hy manu- 
acturiog cdtporations either on a co-opMative basis, 
vith or withotft^taje a^istanc*, or in laborAories built on 
Vbrks premises, t6 serve the interests of a j)articula| firirp 
IT group *of firms. 'Bheii; org^iization wjjl subsequently 
»e considered fully in Chapters V—VJL . ^ 

CONSDLTiffd lisORATOpiEd 

* • * » 

There ai» many'industrial concerns which,- either on 

iccount of size, of their highly specialized character, or 
ilture of output or of organizationjldo nut find it possible 
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to maintain a research orgiEiizaUon or ^ven a member of 
the staff devoting his jvhole time to reteaich work. Even 
large'nrms with their own reaearch cS’gihyzations oceasionally 
have problems which capnot ionveiiently be 4ealt with by 
their existing staft In suclj eases, as it is A»ften natjurally 
j(clt desirable to maintairt secrecy, aa impossible—or, at 
any rate, an undesirable—condition in a university, 
independent specialists are consulted, some of whom 
do not undertake to advise more than oneocliept in one 
particular problem. Financiers desiring td set vf> manu¬ 
facturing concerns or to, exploit some development, 
frequeptl^ ask a consultant to investigate the validity 
of proposals suggested to them. Sometimes considtants 
are retained to undertake all the work pf a manufacturing 
concern. 

It is therefore not surprisiifg that ntany consultants 
maintain laboratories and snta^l staffs ip, which investiga¬ 
tions may be ma^ incidental to the work required by 
clients. Generally, this work is of a subsidiary character 
but in recent years a more ambitious type of laboratory 
has been (|evclo{)ed in which the investigation is the main 
feature, and the staft5,and equipment assume a much 
greater importance. An excellent instance of this kind 
is the laboratory of -A. D. “Little, Inc,,-Boston, U.S.A., 
which is fm-nished with the most modern resources in 
equipment, Utilized by high-grade wodeers under competent 
directionf and which uiVdertakes investigations for any 
client. • 

The field of work of such laboratories iic naturally very 
■- aide^Jut, excgpt for this, they closely resemble in adminis¬ 
tration and organization the resparch laboratories attached 
to large industrial tcmcerns. 

LABORATORIES FOR LIMITED 
liability RI^EARGH , 

A type of research laboratory, now only in the preliminary 
stages of ,(leveiopmcRl, is that in whicii research In any 
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matter likely to yield comaercijl results is investigated as 
a speculative mvesttnent. Such' laberctories maintain 
clos^touch with market conditions itf^rder that advarfcage 
may be taken of local,shortages tof raw materials which' 
may be synthesized, or for ^hicb more sui^f)le or cheaper 
alternatives or substitut<?S may- be kund. The establish¬ 
ment of new industrial processes is also undertaken, together 
with the manufacture and sale of,new products. Each 
result, when worked out completely, may bg handed over 
to a separate company—floated for the purpose—^or manu¬ 
facture, the promotors either maintaining an interest in it 
or selling out to others. 

The scope of such laboratories de()ends very much upon 
those responsible for their directioa. It may be as wide 
as, or wider than, the consulting laboratory referred to 
above, or nray be quite naAow, The administration, 
however, would be in any ca^ very similar. 

Such laboratories /ure chiefly valuable to those ma;iu- 
facturers who may be interested in founding them. To 
others, the vMue is only indirect, through the products 
rendered ^vail^ble on the iflarket. 

There is, of course, fipthing to prevj^t a group of manu¬ 
facturers, allied or in diflerent indhstries, subsidizing a 
research laboratory as a separate company, the cost of the 
work done being allocated on a basis of time taken, in 
order to simplify the administratipn. Such laboratories 
have, ir. fact, been established for the routine testmg 
incidental to the control of materials amd- procfsses of 
manufacture? 

aUSTRIAL PEfiOWSHIP 

‘ LABORAl'ORIES 

< 

ine,mQustrial fellowship laboratory, closely allied to 
both the umver^ty laboratory , on the one band, and the 
industrial' laboratory on the other, and in many respects 
forming a bridge between jthem, deserves sq>arate con- 
sideratiop.'' This type of •institution was developed in the 
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United States though the eflhAs of the iate Prof. R. K. 
Duncan, first at the University o& Kansas, iater at t^e 
UiiNersit^ of Pitt^dvgh, in aonnectihn with whicit was 
founded theJMellon Incthutfi of Industrial Research and 
School of Spegifio Industries, built and’endowed by the 
brothffs Mellon. , 

The scheme elaborated by Duncan arose partly from 
the feck of contact bptween the university and industrial 
Hfe^ partly from the cost of establishing a research labora¬ 
tory for^a snfedl industry. The Institute is specially 
arranged for research involved Jn the solution of industrim 
problems, and manufactmers requiring its services e^ndow 
a fellowhip for one 8r more years to cover the salary of 
a research worker and»expenses for materials, the director 
finding a suitable university graduate for the work, and 
placing the resources .of \he Institute at his disposal. 
Publication of results is dfterred for a period of years. 
Obyiously, research of this character is jartially subsidized, 
and the success of the Institute is .striking testimony to 
the character and range of problems to be met in industry 
demanding solution. * , 

The growth of research of thi^type^ would appear to 
depend largely on the subsidy provided by laboratory 
facilities and supplies, togetHer with expert supervision. 
If no endowment is possible, manufacturers will faobably 
prefer consultants who will undertake to nfeintain the 
coilfidential character of the work or to erect their own 
laboratories. ♦ 

Since it is uidi)|el 3 ;tbE|^ private endowment will furnish 
an appropriate munher of indu-strial fellowshi^laboratories,^ 
the only swee from wfeici^ endowment coqfd reasonably 
be expected in Great Britain is the Gojjernment, which is 
already committed to sv^sitfizing Research Associations* 
of manufacturers and which would not injury aase encour- 
tge researches for private in^viduals a* the eitpeyse of 
other subscribers. Consequently, the prospects before 
Ihi^ fmm of laboratory in tins countryfere meagre, tlthougb 
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there is probably ample Axim for one or more of them in 
assisting smaller industries. . 

FAlowshif)s held by ui^versitji g^aMuates in industrial 
laboratories are referred*to‘later« A form of industrial 
fellowship rcseafch which hai arasen in this'country from 
.war developments, and Which has h^gn due largely to the 
shortage of research workers and laboratortes, is the 
establishment at a university laboratory of a group or 
colony of research workers who are members of the staif 
of an industrial contern, or who are retained^by it*, in 
which research work is puijued under the guidance of one 
memljer, of J^he group as director. Whether this will 
continue pcrntanently after the dfeficiencies referred to 
have been made good remains to Ije seen. , * 

The disadvantage of research work of the type pursued 
at the Mellon Institute—several jncthods of overcoming 
which are now }>eing tried—<s its dissociation from pure 
science work, the preoccupation with the industrial aspect 
being strongly emphasized. 



CHAP'S^R iv 

• INFLUENCE Ol^’CHARACTER AND CONDI-* 

TIONS OF INDUSTRY UPON RESEARCH 

• 

lY ^11 btv evident that research, in the broad manner in 
whicli th«.' term has been interpreteS, really underlies aJJ 
industrial progre^ from eartiest times. The modern 
interpretation of the^word " research,” ho\fever* implies 
systematic and deliberate effort, through a specific organi¬ 
zation, te^fards improvement, rather than the enquiries 
which are pursued promiscuously, tentatively,, subject 
to competitive and mahy ojher conditions, and which no 
longer suffice to .ensure the successful development of 
industry. • , 

FACTORS INFLUENCING RESEARCH* 

IN INDUSTRY * , 

The character of the research required for any industry, 
the policy to be adopted, and the amount of work to be 
done, will depend on a number of circumstances which 
differ in different industries, and even in the same industry 
at different stages of growth, Tjjcse circunrstances may 
be briefly examined. * 

Rapidity of Cjpv^lopmeat • 

the rese^ch carried out in an industry which is pacing* 
through a particularly* rapid State of development is 
necessarily much greater, jel%five to tie size and Sutput 
of the industry, than af laler stages, ance entirely new* 
problems crowd upon each bther. As exjjerieifce^is gained 
changes are iSss and less radical, and inq>rovement becomes 
mo{e a matter of detail and refinement, an investigation, 
as it were, of side paths rather than thi pioneering involved 
37 
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ip laying a new road. Many industries passed througji 
_this stage in an inf.r^bly short peji^d during the ijiar, 
notably certain key industsiesfhat naS become moliopolized 
by enemy countries. 

Position of Foreign Manufac^we 

In industries in which a competitiye nation has sedlired 
an advanced position, particular attention to research is 
necessary to overcoifte the deficiency in •mam^acturmg 
experience and development. The illustrations provided 
by Gefrnany in fine chemicals, synthetic drugs and dyes, 
and optical glass, are well-known illustrations. The same 
is true of agriculture and electrical engineering. A. measure 
of the neglect from the point of view of the State is 
indicated by the financial asSist^ce necessary to the 
optical glass, dyCf and other *industrte for the research 
required for their ^estaWishment on a competitive bajis. 
The extraordinary richness of the British Empire in natural 
resources leaves no reason for any key material falling 
entirely ipto fbreign hands', and co-operation with the 
Dominions in research the exploitation of these resources 
is urgently required. 

Character of Productioa 

It is well known that the nature of industrial productjpn 
influences the work of a research organization associated 
with it. , Lafge scale manufacture and mass production 
introduce problems not met with in outputs smaller in 
'^lunfber and size of units produced. The use of Jow grades 
of labour and»the automatic tharheter of operations call 
for scientific super* ision an^ fof larger margins in manu¬ 
facture. This cheapening d'pfOduction and its more 
intensive chihracter are rendered necessary on account of 
increaied wages ind material costs, i^ich wofild otherwise 
• force selling prices to a point at which^there would be^iro 
market. • 
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Maintenance^! Monopoly 

^me firms end«#LvT)ifr, by <kUvery of high-class goods 
at low pric^, by coufteous*,an4 ready service, and by 
propy publicity, to crdate*»uch a general demand for 
their goodj as to bilSld up a viAual monopoly. In othes 
cases the monopoly is secured by patents. Naturally 
such* monopolies are.generally more lucrative than most 
co:gipetitive trading, and are, therefore, much more subject 
to competition. The lead can only be maintained hj[ 
research directed .to this end» From this point of view 
research is an insuragce in which a suitable«proportion of 
immecjjate returns is spent to secure the continuance of 
the returns in futurp. filhmy instances exist of firms having, 
by successful organization or by patents frequently 
founded in the first piace'on research work—established 
a strong position which has subsequently been made 
almost unassailable by judicious expeinJitme on the means 
of maintaining their prestige. . . 

If circumstances are such that there is no likelihood of 
competition on equal terms’ this does hot qjjsolve an 
undertaking from conducting research,, if only for ethical 
reasons. This is particularly the case with companies and 
municipal or government depAtraents operating monopolies 
such as the provision of gas, water, or electricity services, 
railvirays, canals, telegraphs^ and tfelephones? Owing to 
the natural tendency, in the absence of healthy and stimu¬ 
lating competition, of such public utUitte to become 
complacent arfd, seU-satisfied, they are under a special 
obligation to provide the public with continu§uslj»^ 
improving* and cheapAied, ser»ce. Only .thus can the 
criticism they easily and frMuently #rouse be silenced. 
The eiample of the Detroit Kdison Co. in providing new 
ways for the utilization • of, electric cigrenlf in houses, 
garages, and elsewh^e for the convenielice of fisem, is an 
admirable case in.point. The intrinsic value of research 
in such cases is enhanced by its pulAicity value. • 
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Nature of Industry 

Many industries of ancierit origirt, Suth as metai casting, 
spinning, tanning, and agncufture, fequire to j)e re-studied ' 
from their foundations, Tfed principal industries yrhich 
stand in great and immediate need'df researclj are agri¬ 
culture, mining, transport, and manufacture. Agriculture 
is of vital importance to the couivtry, and research is 
particularly called for in improving the supply pf hoipe- 
^own food, and in correcting the distribution anAimprov- 
ing the stamina of the population. It, is an occupation 
so widely scattered that research is best provided for 
nationally, as in the United States through the Depajiment 
of'Agriculture, and in the United €iingdom thibugh the 
Board of Agriculture, although much work would still be 
done through other channels, ^^rhef problem of education 
is of particular importance in connection, with agricultural 
research. , 

Tlie transport industries offer unequalled opportunities 
for investigations. Shortage of rolling-stock, increased 
operating posts,* and general congestion are such that any 
improved methods pf handling either en route or at termini 
would be an incalculable boon to the whole community. 
From another point of view, aft example of the work possible 
to an enterprising railway company is afforded by the 
Canadian Pacific Railway, wljich authorized an investiga¬ 
tion inter-the natural res*ources of the territories which it 
served. * « 

For the extractive industries, miniqg and quarrying of 
**11 iMds, the^p are various research laboratories in the 
United Kingdc^. Thus, the Rhoifddha Laboratories are 
conneclArf with tht economical utilization of coal, and 
tile Laboratories of the Pue*! 'Research Board will deal 
with the matter, on a natipnal scale. In addition to 
inquirjt info consAvation, use of coUfery waste, recovery 
of by-products, much work has to be dope in investigating 
im|n:oved. methods ofl'winnmg coal, the u« of electricity 
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ip mines, occupational diseSses, and the. relation of hours 
of wprk to output.^ ' 

The manufacturing indpftries fdSnft several main groups. 
Engineering, both heavy apd ligtft, the most important' 
of the group, anS equal to alfout' one-fourth of the whole, 
includes the manufacture of iron,*lteel, and, structural 
materials, machinery of all kinds, rolling stock, ^ps, 
electrical apparatus, and instruments. The materials and 
processes employed are more varied and ’the. type^ of 
^orks organization more complex than in al;y other 
industry, and the need fM research ,is therefore most 
keenly* felt. • ^ 

The building and associated industries employ a,limited 
range of primitive materials, but rSpid developments are 
taking place in the use of reiidorced concrete. There is 
also great scope for organizatiop and planning of operations 
to expedite work! . 

The cherpical arvl allied industries cover a wide range, 
and. for the present purpose may be held to include the 
manufacture of pottery, glqss, cement, oils, soap, explo¬ 
sives, alkali, leather, ^ paper, and food. The need for 
research is as pronpuncod as in the engineering group, but 
the problem of any particular works is generally simpler. 

The textile group includes the preparation and manu¬ 
facture into fabrics of all textile fibres, silk, wool, cotton, 
hemp, flax, jute. The re^arch problem is large spd 
complex^ necessitating much work of a botamcal, biological, 
chemical, an<J physical character. 

.CLASSinCATION Of HJDtlSTRIES . 

* • 

Manufacturipg industries ase db involved that it is 

impossible to provide a rigpd ^la^fication of the operations 
which ore conducted in tHem.” Por the present purpose, 
however, ofmppiipximateiy determining research require¬ 
ments .they may be considered to falT into thPee principal 
classes, which may be termed analytical, simple process, 
and synthetic respectively.* 



ISFLOENCE ot CB^CTER OF INDUSTRY 4^ 

Analytical Mf^nfacture< 

* ® * 

llus t^e predomijiantly produces 4 single mater^ in 

^bulk, from naturally (jpcurripg iraw materials, a process 
involving seVfeial operations^ end* sells ^metimes in the 
open'^nd somJtime|^in a clftsed market. The chemical 
and metallurgical industries afford many illustrations.* 
Although- production is on a large scale, the idea 
of mass production In the conventional sense scarcely 
enters, as only single comparatively simple processes 
are employed, sometimes carried on continuously. Th* 
labour employed* is frequenfly unskilled and of low 
standard. Increase ki output is obtained fhrod^lf addi¬ 
tions and extensions to existing plant. The tendency 
towards increased plant units for this purpose is present, 
but output is influenced less by the size of the plant than 
by technical considerations affecting the materials or 
processes used. *rhe main problem of such a plant is 
technical rather than human, and the? research provision 
is comparatively easily determined. It centres round*the 
material manufactured, the laboratory Ijeing, to use a 
phrase applied by Dr. Mees, of tlip " convergclit ’’ type. 
The constitution, structure, ph^ical 'properties of the 
material, the process of man^acture, the manner in which 
it may be cheapened, and new applications, form the 
basis of the work required. Thus,^ in a cejient works, 
reaearch may profitably bn dir^ted towards chemical 
composition, the functions of each constituent and their 
influence on tlje mixtirre, the equilibria invplved, manu- 
fasture of cemdht,* sp&ial cements for new purposes, 
water-proof and oil-^roof cements, and* so on. *Thd*’ 
laboratory may comprise (Siemital laboratory, mechanical 
testing and physical laboratory^, and iHicroscope room. 

Simple S|wufaqtiiring'Process * 

This type generally employs and is characterized liy one 
mdin process in aperies of operation^ the matetial worked 
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at any one factory varying^ according to market require¬ 
ments. Spinning, weaving, bleaching, cSvirfe-drawing, cast¬ 
ing, rolling, form exampl^l In daducase the process is 
employed to work material? to a' new form. The one- 
process factory represents ancbmparatively diigh degree of 
apecialization. The labour employetf ^s frequently skilled, 
the success of the process often depending upon the cjraft- 
skill displayed. Consequently, the human factor assumes 
more importance than in the analytical type of manufacture, 
ij^ the sense that the workers have more controbor'er the 
quality of the product, and»research provision required is 
more oompleje, owing to the different materials employed. 

In a rolling-mill, for instance, the research orgai^^ation 
would comprise chemical laboratory, mechanicdi testing 
laboratory, and experimental heat treatment laboratory, 
and would be concerned with tlj^ manufacturing conditions 
of pressure and temperature which would give best results 
for each material hvidkd, and the influence of rolling and 
rate, of reduction on the characteristics of the materials. 

Synthetic Manufacture* 

In this t5rpe the.purffted and worked-up raw materials 
resulting from the two previous types of manufacture are 
modified in various ways, confbined and assembled to form 
products such as are manufactured in the engineering 
industries, lire research prqjjlem is more complex th^ 
in either»of the previous cases, owing to the variety of 
materials used and the manifold processes tlirough*which 
they are passed, and the necessity for knowledge of the 
yhyskal laws ^governing the performance of /nachin^. 
The problem of the human factdl again is also more 
pronouitced than iisthe two^fibqve-mentioned classes, as 
n»any grades of workers arb enli)l(yed on a wide range of 
. occupations. ‘ Prc 4 >lems of organization and management 
are most acute. • * * 

The resewch organization requires lajjoratories for tj^e 
study of the constitSition,* structure, b^aviour under 
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various conditions and treatnsiifts, and physical properties 
of the various* nmterials employ^, arfd the processSs 
through which thes^ 9 »e«applie 4 for th^ study of the jfl-oper 
> disposition material! in dSsi^s, and for investigations 
into.jpdustrialjatigue, selecticji for employment, and other 
questions of a physiological anfl psychological character^ 
Clearly, consideration of the research requirements of 
a complex industry juch as the engineering industry will 
include in sovne measure those of other industries and will 
form thgbmosf convenient general illustration. 



CHA'PJER'V' 

CO-OPERATitE INDUSTRIAL 
RESEARCH 

The provision of research for industry may be made by 
manufacturing concerns either individually^ or co-opera¬ 
tively, and the respestive merits of both methods may be 
lompared. ^ 

Research ipay be considered as co-oj)erative from two 
points of view, the one relating to ttie methods by which 
it. is financed, the other to the planner in whi^h it is 
conducted. Those who are interested'^in the prosecution 
of a particular investigation,/for ^example, a body of 
trustees, a group of manufacturers, the community 
acting through a Government department, or the members 
of a profession actiilg through their professional institution, 
may consider that the objects of an enquiry are of suffici¬ 
ently general vaiue to themselves or to the public to justify 
co-operative action, th» necessary funds being provided and 
some laboratory charged’ with the task. This type of 
research, provided fos by tfce action of ja. representative 
body, existing or formed for the purpose, has by common 
consent bee» considered co-operative research. It will be 
evident IJiat all research endoVed or aided by public bodies 
or the Government falls into this category, althougjh those 
who ultimaMy provide t}ie funds may not have direct 
,^ont£ol over the expenditure involvecf " 

From anotffer point of view, tbe term *'coSoperative 
research" ma/be wnsidered to imply that research work 
which, Jiowever provided fpr,‘'i5 U^nducted in common by 
a number of,research workers. , In this sense all research 
is co-operative, foj all who mike scientific advances cannot 
fail to be largely influenced by and indebted to those 
with whorh they d^u® .their ideas! The universfty 
46 
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professor inspires and instruct* lis students, and receives 
benefit in turn* their associ^ion Vith him. Thb 
professional researej/tii^orker talks frbely with his*coI- 
*leagues. Indeed, to all mdn, *efcept possibly to the 
geniiji, this interchange of k^gwledge and experience with 
their contemporarieswr their predecessors is of the greatest, 
value, and lias an important bearing, which will be referred 
to laler in connectioij with the centralization of research 
•and the ^strjbution of scientific intelligence. 

"fhe qi;iStion*arises as to whether atiy particular research 
is best done co-operatively or,individually. With except 
tional workers cnga^d in the more abstruse rqgipns of 
scientific work, it is decidedly advantageous to have 
work c(o»e individuaHy, even if this involves consider¬ 
able overlapping, for different men work according to 
their particular aptitude* and experience. Research 
work in pure science cannot be systematized. Each 
wo(kcr should be ^jjowed to proceed according to 
his vision, be liberally provided with apparatus and 
equipment in a suitably fitted building, and dot be required 
to spend undue time in teaching or admiifistratjve work. 
For men of average type, associs^fbn in groups leads to 
advantageous results in the case of applied research or, 
in the case of that work of pure science involved in the 
determination of constants and the like where the mag¬ 
nitude and complexity of the task render ‘subdivision 
dellrable. Since each worker vfiU have had different 
training and experience, each is able to ntake a con¬ 
tribution to th^ p|ogrjmme ct policy adopted, and 
sem-al specialists in different fields can co-o^rate to bring, 
a problem'to a rapid •conylusiqp. Such association for 
the (R'osecution of applied research ha^a most important 
bearing on the type mosisuiAble for selection as research, 
worker, upon such questions as the allegation of credit 
for work done and published, remunaatten, patent}, and 
upon the problems of adnunistration. 

In gerieral, research by hi^tly tstented mefi in pure 
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science, whether conduct^eWn the works or in the university 
is best carried* out by individual ■ v^pfkprs. Other pure 
research and all applied research,n^^ be most jidvantage- 
ousiy performed by wortcens assqj:iated in groups for the, 
purpose. In particular, t\ft^men on one problem working 
together will tend towards unbrokgjj continuity an^ each 
will react on the other in stimulating ideaS, especially 
if the men are carefully chosen. It is a good plan to 
arrange a certain amount of work to be done to act as a 
relief to the research work, and this may.cven^e routine 
*\vork. The performance of a set task at specified intervals 
well within ^a worker’s capacity will festore self-esteem, 
which is apt to dwindle if a long p6riod of non-success or 
failure of inspiration occurs in performing a inaj^rrVescarch. 
The depressing effect of failure has to be recognized and 
provided for. t 

Co-operative research proj^r, financed by groups, may 
l>e either academic or applied, and may be done in any 
laboratory. The n^ost interesting recent developments refer 
to groups of tnanufacturers associating for the purpose of 


providing funds from current income for research which 
may be serviceable inf their particular industry. 


Advantages of Qo-operative Research 

Several reasons account for the rapid development of 
co-operatiwe researcji. Research is undoubtedly costly, 
and considerable capital expenditure is required, which 
only begins to produce a return after several years’ work. 
Tire shortc<ftnings whiclj the war rendered apparent in 
British industries resulted in a demand for research workers 
greatly in ejSess of the supply available from'the univer¬ 
sities,, with tire consequence ifiat there is a dearth of good 
^reseaiyh workers. Therq, iSl ^d\yays a dearth of men of 
first-class ajrility. Compared ydth America or Germany, 
there is a>much jailer projlortion of .student^ of university 
stani^d in England, 'hie United States has, in proportion 
to population, morf than twice as liiany, Germany‘has 
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nearly three and Scotlind more than three times 
, as many as Englan^. ^ t * * 

The rewlts of C0|(?pefative lesearch’do not enable one 
• manufacturei; to securl any a^v^intage over another if 
bothjn'e subsesibers ; but tha whole indflstry is raised to 
, a higher level, and i8*thereby more favourably placed foii 
meeting foreign competition. 

Ask)ciation in the conduct of research therefore minimizes 
th^cost ^nd renders more generally available the services 
of existing wofkers. The creation Sf groups of researc^ 
workers tends towards greator effectiveness than when 
working singly owin^ to interchange of idea*. • • 

ftaOVISI^N.FOR CO-OPERATIVE 
RESEARCH 

Co-operative industrial Vsearch may be provided lor 
principally in thPee ways, each of which may cover the 
as^ciation of a few subscribers for a particular purpose, 
or of a whole trade or industry with quite general aims. 

1. Co-operation of those interested* in ag industry 
primarily as users of the product (i.e. as consumers). 

2 . Co-operation of those interested in an industry 
primarily as manufactilters of the product (i.e. as 
producers). 

3 . Co-operation of botji prodilters and Consumers in 
dual associations. 

Many delicate questions are yivolvcd in dtternuning to 
which body the responsibility for conducting res^cl^ 
of a specified charactes should belong. As*a consequence 
of an invention or development, pro^salS for iqjproved 
materials or products jftgif <a>me from an investor or 
supplier who may or may not have bwn stimulated by • 

» The RepSrt of the’Education Committee 8 f the ftitieb Science 
Goild (/o««ia;, April, 1919) gives striking compsrisoM betron 
the nambers of stndlbnts at universitiei and technical inststntioiu 
hi Great Btitain, Germany, and the XJniw States* 

$—{ 1890 ) 
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the needs of the user. fn<‘gensral, however, the pressure 
for modification or' improvement ^nrises through the 
user, who is most "closely dn touc**^^jth practical require¬ 
ments. He is thereby temptdd to undertake worlv' 
which the procTucer is in ,a» better position to perform. 

, For instance, in technical industries such as the manu¬ 
facture of high-class instruments and apparatus for 
physical work, fresh demands are continually arising 
for improved steel, non-ferrous alloys, papers, textile 
^fabrics, and the like,' forming initially a small, special, and 
non-remunerative market rwhich suppliers are not easily 
persuaded to meet. Sooner or later, under ordinary com¬ 
petitive conditions, some producer‘may receive sufficient 
Stimulus to meet the demand andfultimately the‘industry 
grows and becomes a special branch in itself. Immedi¬ 
ately after the Armistice thiy^timulus was lacking owing 
to the large general demand for all Jcinds of products, 
and it was, therefpre, particularly noteworthy that manu- 
fagturers combined to form Research Aissociations. The 
tendency to manufacture exclusively for a general 
market ,withd\it reference* to specialized needs enables 
foreign nations to est'qblish an ascendancy in what may 
prove to be key industries. 

Associations of Users 


In considering tht industries in which an association of 
users or consumers is likely to be successful, the various 
types must be kept in mind. Combination for research is 
not to be expected on the part of noj-tephtiical consumers, 
tha'general public, unless action is taken on their beludf by 
some public body or Gpven\ment department, acting in 
a representative Rapacity, ^estions of national impOT- 
, tanceKinly are likely to botr'^ed in this way, as illustrated 
by the work of ^the Fuel Research Board. 

Associations ef users mainly comprise manufacturers 
enqrloying the product cojicerned, and having, conse¬ 
quently, a direct iilterest in its inqrrovement. In efi-der 
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prevent research becoming’difiused over a wide area, 
,they will {EefeAHj be localized and concentrated jn a 
few main«indiistrie& ** * • * 

• These associations hale not* yet been developed in Great 
Britain, but fo» the purpose* of illustratibn mention may 
be made of the ass^iation of'users of metallic alloys* 
recently proposed in the United States. In this par¬ 
ticular case of metallic aUoys it is suggested that any 
proJ>lem of special interest to a subscriber could be under¬ 
taken in the association laboratory by a worker supporte<^ 
by an industrial fellowship. Unfortunately, the proposal 
has not met with suf^ient support to warrant the scheme 
being pursued. 

The principal claipi rwade on behalf of the associated con¬ 
sumers is that of a common interest, greater than that 
existing between associatecl^producers. For instance, all 
users of a mateqpl or method are keenly interested in 
lowering its cost or in replacing it by ^ superior material 
or method. On analysis, however, the claim of a comtuon 
interest largely breaks down owing to the numerous applica¬ 
tions of the same material by different consumers.. While a 
’ most important interest is that reljfing to the lowering of 
cost, it may be suggested that the efforts of users would 
be better directed towards ccJisideration of the ways and 
means of lowering the cost of their product, of which they 
have some experience, rather .than iif endeavotiring to do 
the same for suppliers of raw matmals of whose processes 
they may be relatively ignorant. The producers have 
the experience kgowl^dge which enable them to under- 
takfe the investigations involved with a ^ninimunw of» 
unnecessary expenditure, foi the^ frequently require plant 
and equipment on a scale only found in»their works* 

The dUkulties of sueba* association are obvious, and* 
lie in the disinclination of*prgducers to (tfiange a process 
when it is {aejudkial to their immediate iifterests.* Assum¬ 
ing that a researc^ is satisfactorily completed ^by users, 
dther they must manufacture for tXemsdves through a 
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secret or protected process—in winch case they become 
'producers—or fhey must invite manufacturers to produce 
on Iheir behalf, a 31 owing,the or^nluy operatic of cont- 
petition, which brings ‘^raoVe progressive ^nanufacturers 
into a promising market, tp« overcome thejr reluctance. 

, The magnitude of the'problems suggested in the United, 
States for associations of users—alloys and metal cutting— 
is such as to warrant national action»for scarcely any maker 
or user in the heavy industries—engineering, metallurgical, 
^shipbuilding railway transport—^remains unaffected. Both 
of these problems have been investigated in the United 
Kingdom on behalf of technical institutions, the work 
on alloys at the National Physical Laboratory for the 
Institution of Mechanical Enginee$s, and on matSl cutting 
at the Manchester College of Technology for the Manchester 
Association of Engineers. f 
The grave limitations under which an association of 
users has to work^must be borne in mind when considering 
thpir possibilities, but the structure of industry is so 
complex and'the field of work is so wide that it would be 
unwise Jo predict that stich associations have no place 
which they may fill Successfully. 

Lssociations of Producers 

Until the necessity for providing unlimited supplies of 
tax munitions—often involving the use of novel processes 
nd plant—convinced*'nranufacturers of the value of “free 
liscussion and interchange of opinion with coippetitors, 
t was the bommon practice to,takg eyery means of pre- 
enting leakage of details concerning manufacturing 
iTocesses, 't'o-day this ^ituajionds considerably modified, 
n many industi^ies it is recognized that a non-existent 
lemand can be created by “publicity, and a small dentand 
acreased hy organizing in such a way as to permit a lower- 
ng pf prices doe to standardization and (production in 
>uik. Manufacturers during the last few years have thus 
lecome accustomed) to a<ti|ig in concert. In any cahe, it 
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is evident that few industries’could remain secret under 
, scientific analysis, n%nufacturing supremacy being achieved 
by develeping a soimd orgamzation' and a goodwill, 
•Employers have learneft by expcpcnce that interchange 
of information with their competitors results in an ultimate 
gain. 

The industrial success of Germany in penetrating new 
markets, and particularly the financial results from indus- 
triej foundedt by and nourished in an atmosphere of 
scientific jtesearch, taught British ma’nufacturers the valu^ 
of collective action. Extensive industrial amalgamations 
and the formation of^trade associations have indicated a 
widespread tendency in this direction on the financial side. 
Such amaigamationf confer strength and provide resources 
obtainable in no other way, which are essential to the 
building up of enterprises IJhe return on which may be 
deferred for many, years. One amalgamation is generally 
formed from a number of firms in different industries 
associated only in so far as the finished product of onj is 
the raw material of another, such a sequence as, for instance, 
a colliery, iron and steel works, rolling stock &nd Iqcomotive 
• manufacture, shipbuilding yards,,‘engine building, and 
electrical works. This chain formation of a series of 
related industries, as oppose# to aggregation of interests 
in one industry, together with the existing fiscal system, 
safeguards the commvmity agpinst tHbse abuses generally 
associated with trusts. ’ • 

In view of the advantages of co-operation in research 
already outlined, jt nqf surprising that a movement in 
this direction should have taken place amopg produoers, • 
Their formation, however, is,not without its ^fikulties. A 
permanent association, particularly if aidgd by Government 
funds, should, to be idcal,«o«iprme all the manufactusers in, 
an industry. Otherwise, pubjjc funds ar% devoted to the 
promotion ofeectionai interests. It is, htwever, bbvjously 
impossible to ensure a membership including all firms in 
an mdustry, however attractive may*be the inducements 



'54 


RESEARCH • 


* • , * 

offered to those outside. %me have an inherent objection 

(o co-operation! Others prefer to ifLy •on the work of, 
their own laboratofies, from whicl^thby obtain ccnsiderable 
publicity value in addition to facilities for tj'aining stafis.* 
Others again coiKider it diffifRlt to maintaiathe confidential 
.character of work done ift a co-operative laboratory, while , 
some firms may be operating under such keenly competitive 
conditions as to find it difficult to ^nance even that form 
of insurance we call research. Finally, the argument is 
^casionally advancld that some producers t^e more 
interested in maintaining j;he slaius quo than in making 
impruv^ents. 

The unbiased manufacturer considers the work of a 
co-operative laboratory not as replacing but supple¬ 
menting the work of his own laboratory, the one in investi¬ 
gating problems common to yie industry as a whole, the 
other applying the knowledge gained tp the processes in 
his factory. The co-operative principle is valuable because 
it is economical, as it prevents overlapping and duplication 
just where they are most undesirable. Finally, any manu¬ 
facturer who Tails to make improvements is idtimately 
driven on the market! gs modern business is characterized • 
by a continuous decrease of the cost of manufactured 
products as the business extends. 

The simplest illustration of an association of producers 
is that of the National Canners’ Association of America, 
which prganized a r&earch laboratory in 1913. the 
industry would find it extremely wasteful to,have a 
laboratory al each canning works, as ^rey problems present 
, ma«y simiiarities. A central laboratory is able to srive 
problems, with a mininpim pf tkne and effort, such as 
those relating to ^ective machining and packing, deterio- 
. ratioi^ of canned goods, ancf so" an. The results obtained 
from this institution are communicated to all padcecs, 
Rdrrtj^er membeia of the assodatirm or not, omthe excellent 
general principle that ddective packing on the part of mie 
canner pfeju^ces tke industry as a vdiole. Many (^her > 
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trade associations^ have their*research work undertaken 

for them at variftus^aboratories. • 

,British *Researclbi i^sosiations 

la Great Britain, co-operative research has been devel¬ 
oped through the Research Associations, which are pri-, 
marily associations of producers. In one or two cases 
it has been possible to include both users and producers 
in one association. 

Their history dates from July, 19t5, when the Govern^ 
ment appointed a Committee of the Privy Council to 
advise the Lord’President of the Council-—a.Njnister 
without administrative responsibilities, and in close touch 
with air^arts of thf Empire—on the expenditure of a sum 
of money to be voted annually by Parliament for the 
encouragement and orgamzation of scientific research. 
An Order in Council was issued referring all proposals for 
such expenditure to a committee of^ scientific experts, 
members of the Royal Society, called the Advisory Cou,ncil 
for Scientific and Industrial Research. Ihis Council is 
permanent in character althohgh, of courst, the pffsonnel 
changes, and the Department of^ientific and Industrial 
Research was initiated to administer its decisions and to 
provide a permanent staff. «y this arrangement it may 
be noted that for the first time scientific men were Fovidtd 
with an opportunity of directing a broad research pohey. 
Tfie responsible Minister and thfe Privy CounejJ merelj 
form ntcessary parts of the machinery for accompUshine 
this under the'e^n^tu^on as it stands, and they accejrt 
thfc recommendations of the Advisory CouncU. The ^ci 
were given three terms-of rffereijce in the Chder m ^unci 
of 28th July, 1915: to institute sp^ific researches, t< 
estabUsh special institijfiQni for research in industna 
problems, and to establish and award res^clustudentship! 
and fdlowships. M a consequence, a number of ,urgeni 
researches were aided at once, and steps were taken t< 
encourage researefi workers and to increase theit numbers 



56 


RESEARCH • 


to oiganize industrial r^ebrch, and to set up Research ' 
Boards for the* purpose of stud^y these problems of 
. national importance whi(ii canimt**^ delegatad to any 
other body. These lattpr indude fbe Fuel Rq^earch Board,*' 
the Food Invetitigation ^oard, the Industrial Fatigue 
.Research Board, togethei* with the eiiecutive committee of , 
the National Physical Laboratory, which was*taken over 
as a Research Board in order that .the Advisory Council 
nvght assume financial responsibility for the Laboratory 
^without interfering \«ith its scientific direction. 

Subsequently, on the regommendations of the Advisory 
CounqiL.a fupd of one million sterling was voted by Parlia¬ 
ment, the money and other property being held by the 
Imperial Trust for the Encouragement of Scicdfific and 
Industrial Research, a body comprising seven Cabinet 
Ministers acting by Royal Charter. 

With regard to the second term of reference, the Advisory 
Council found that the most promising advance would be 
secured it industries tlicm.selves undertook the research 
necessary to their continued existence. It was therefore 
decided to enotmrage co-ojterative action on the part of 
those who know most hbout the conditions of an industry, * 
viz., the manufacturers, and this took the form of as isting 
financially those representative groups of onanufacturers, 
whether already existing or formed for the purpose, under¬ 
taking resedreh for the benefit of the industry. Such a 
group i^termed a Research Association, which is a limifed 
liability company working withodt profit, having a porainal 
guarantee frtim members in pl^ce jf jhltres. Members 
jSub|pribe annually to the funds of the Association, usually 
an amount proportionate^to the size of their business, and 
the Rpsewch'Department contributes to the funds of 
the Association, in most caSei 'qp amount equivalent to 
the sura rqpeiv^ from the subscribers, the maximum 
gener^ly being £5,000 per annum, though in certain special 
cases this has been largely increased. 

The melnbers of liie Assocjatiim goVem it througS a 
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Council elected from among* tlieir number, frequently 
^comprising the»majibers of the Provisifinal Committed 
which is formed in thp stageslargely througfi the 

•efforts of the .enthusiast*; firifts. * fhe Association has full 
control of its income, and ha^'the power* to appoint and 
, dismiss its officers, fflie Researdh Department may pro-, 
hibit the sale or communication of results to the Press or 
to foreigners if considq^ed desirable in the national interest. 
The results oi, research are communicated to subscribers. 

■ftie A()*risory Council recognizes die important educa¬ 
tional function of Research A^ociations. The growth 
Research Associations will be found recorded iji thq Annual 
Reports of the Research Department. It is estimated 
that abSit forty Assoc^tions could be formed in British 
industries of which over one-half have been already 
established. ^ 

The Department of Scientific and Industrial Research 
has.been criticized in some directions, largely by scientific 
men, on account of the danger of placing the development 
of such an important and unorganizable matter as scientific 
research at the mercy of a Bureaucracy, Since^the per- 
• manent officers of the Depart menj^re Civil Servants, or 
on account of the impossibility of co-ordinating scientific 
research. The Research Association scheme has not been 
subject to criticism beyond the allegation that business 
men may get too much control over research, Although it 
is fhe one feature of the whole of this development which 
has notjbeen widely imitated by the Dominions and some 
of our Allies. * , , , • * 

• ^ ' 

Research Associatioiui and ExistinI; Research* 

Institations * * * . 

The work of the Researtn Associations will be^inter-. 
mediate in character between that of the qpiveisity labora¬ 
tory on the ane handk and the industrial laboratory qn the 
other ; these Associations will undertake pure science 
wofle md applied* research of a cliaracter u&ful to a 
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whole industry, but reqiftring further research at the 
worjcs laboratories before complttej'hpjflication can be, 
made on a cummd'cial scale. It ^cSlorws that member^ip 
of a Research Association is consistmt with thi maintenance 
of an industrial*laboratory<« indeed, many of the keenest 
»believers in the co-operativc principM, members frequently < 
of several Research Associations, are among those who 
have very complete research organiaations at their works. 

■ The Council of a Research Association fWiR comarise 
^scientific men by co^ption as well as industrialists; the 
staff will include men of all kinds of aca<^emic and industrial 
experieiKe. tSome Associations hav^ already cotiunenced 
work in temporary laboratories provided on university 
premises. There is a general tendency—th^Woollen 
Association is an exception—not to interfere with the 
existing work of private consi^tants. 

The Work of tio-operative Associations 

9nc of the difficult questions which will arise in many 
Associations will be the choice of work to be undertaken. 
The Council, Which ultima!dy controls the research pro¬ 
gramme, forms a serieS pf research committees, of which the 
director of research is an ex-officio member. The difficulty 
will lie in deciding where to draw the line beyond which an 
investigation shall not be carried. If work is made too 
general, so‘as to cover the whole industry, there will be 
a danger of criticism through lack of immediate utility 
to any member, while if applied too speciicj^y.it may 
benefit somd members more thap oyxeip.* A very useful 
, field of activity to most Associations, immediatdy open 
to them, is tbe standardjzatiqn of the common materials 
of tha industries ^nd the. investigation of widely used 
,proce»es. Ibis will in • ifiost'scases involve consider¬ 
able research, fq^ in spite of the obvious community of 
interq^ resulting from association in one industry, the 
field covered in some cases is very wide. Thus, the 
Hon-Fenous Metalsefissociatioh incluf^M in its scope'the 
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precious metals, in addition tt) all the base metals and 
^ their alloys, theMiv^sity of industrial inffeest in which iS 
exemplified by the tnlstober ofdrade s^ociations in this 
ifield. It is possible thlt sofhe sqjution to the difficulty 
may Jje found in the endowment by a subscribing member 
, of a fellowship at a‘Research ^sociation laboratory for, 
the study of a problem peculiar to his works, but this 
clearly involves partially subsidizing a few at the expense 
of t]ie many apd is not equitable if the space or equipment 
is required for other purposes. At flie same time, wher^ 
choice of work is difficult som^form of basic subscription 
in addition to extra charges depending on serWces tendered 
would decide order of preference by a pinely economic 
referenc?!* ^ • 

Dual Associations ^ 

A dual associatjpn may be considered to comprise both 
conjuraers and producers. In some respects it forms an 
ideal combination ; the relative lack of experience of ,the 
consumer is balanced by the intimate knowledge of the 
producer, while the ever-grdwing requirSmenU of the 
• former can be placed before the Iq^tter, who is not so well 
able to appreciate how his product behaves in practice. 

The researches frequently* undertaken by the great 
technical institutions virtually form examples of work 
conducted by both makers^and users, botB of whom 
may be fully represented in the'institution. The work 
of the British Engineering Standards Association testifies 
to the value of'sycl^co-pperatioB. * 

Unfortunately, the conditions under which dual as5«cia-, 
tions for co-operative in<^ustri§l research may operate 
successfully are restricted. In some, cases the ,manu- 
fficturo^ do not fed disposed to place users in a position, 
to know the details of their business. ,In pther cases, 
users do not feel called upon to contribute to the qost of 
reseanffies which are the proper burden of the manu- 
fa^wers, and which will result, ptHumably, In placing 
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improved products on said in the open market on equal 
ieri^ for non-subscfibing and suh^riWng users alike. 

. Furthermore, users are fr^quentlya ^«ch more widespread 
and less homogeneous class' tham manufacturers and are 
without any associations centred around any common 
•interest. ’ 

In some cases an apparent union has been formed, as 
in the various textile Research Asseciations, in which all 
branches of the industry have combinedr but in this 
cfonnection it has to be borne in mind that the entire 
textile industry is so highly organized thqt price fluctuations 
are outside the control of the ordinafy manufacturer, who 
is in most cases engaged on a very limited range of opera¬ 
tions, and is the user of the material providstf by the 
manufacturer immediately before him in the productive 
chain. In times of prosperity/ull makers share in it, while 
in times of depression all feel it eqyally acutely. In 
trades where staiylards of quality are well established, 
and individual business’judgment exercises little influence 
on price, the user and maker combine without difficulty. 
Where, jjowever, business* judgment begins to enter, 
as with dealings in vjpven cloth, combination is more ' 
difficult. Merchants are not admitted to the Textile 
Associations. . • 

Some Associations—the Non-Ferrous Metals Association 
is an example—invitfe the membership of users, but while 
this hasheen done, the makers remain in the large majority. 
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After considering th% influence of the general conditions 
which deternfine the value and extent of the provision 
required'W research in an industry, the manufacture** 
who contemplates «uch an organization on his own premises 
needs to pay particiJar attention to those f&torS Bearing 
upon Inarch relating to his work. Since industrial 
concerns differ so'muth from each other in magnitude, 
internal organization, external connections, and manu¬ 
facturing pohey, each oneVorms a particular case which 
has to be treated on its merits. 

FACTORS INFLUENCING WORKS . 

RESEARCH 

* • 

The influence of these condition| can only generally 
indicated. » 

Magnitude of the Wortts 

As the size of a works increases, its organization usually 
becomes more complex. Tho functions of various members 
of the staS become increasingly specialized and provision 
for reStarch is more readily made, because^ requirements 
are sufficient to justify the excldsive attention of a respon¬ 
sible meniber of the staff to this work. , Sinularly? th* 
larger the works the greater wii be the advantages of the 
research organization, as,a greater de^ee of specidization 
is possible in a larger sttfi." * * » 

Up to the point at whidh kitemal provision for research 
becozhes desirable,'the concern may Wy wtolly upon 
consultants, natioyial or university laboratories, pr Research 
6t * 
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Associations, in which ca'secit should be the whole or part- 
<ime duty of some officer to assist the sjaff to co-ordinate the 
work thus carried "out witfc indus^ridl,Requirements. 

Internal Organizeftion of the Woi^Jcs 

In modern works, the'principal ejcecutive officers of the, 
company are directly responsible to the managing director, 
and arc in charge of the chief func^Jons which the nature 
of the business demands. Thus, even in the smallest 

• i* 

works, responsible men are invariably found ini,charge of 
'*manufactiu'ing, selling, ai\^ accounting. Where the pro¬ 
ducts^ are nqp-standardized with resgect to t)q)e and size, 
there may be a technical department, comprising engineers, 
chemists, or physicists exercising, technical colfcrol. In 
works of larger size, the purchasing department may 
become separate from accot^ting. The nature of the 
product in some works is such that virtually no sales 
department is required, while in others it may be of gfeat 
importance, and 'may "include a publicity department. 
In general, the principal executives of a company work 
in parallel, the ultimate control being exercised by the 
managing director, cAnferences regularly taking place to < 
deternune policy. 

The position occupiec^by n research department relative 
to other departments depends very considerably on its 
origin and function.. If originated by an executive already 
engaged in the business, it' will probably be associated 
with his department as an integral part ofdt. ,Thus, a 
commercial department may conceivably create a research 
an^ statistical bureau for the pur^se of investigating 
economic conations in various countries with a view to 
anticipating the trpnd of various markets. In such a case, 
the bqreau would ap{n'optiately'|>e controlled by the sales 
‘manager. ^ department exclusively investigating works 
troubles arising in productive departments may be con¬ 
trolled by the works manager, as is frequently the case 
with routine testing laboratodes i^ch examine shch 



FRONT ELEVATION 




^ of 


FIRST FLOOR* PLAN 


Fio. 4. Two Storey Rmearch, Bu’ldino , 
12.400 sq. ft.’ SJtUt. Floor Area 



































































'64 RESEARCH’ 

I 0 

difficulties. A department engaged in experimenting on 
•new machines for the market, ai, foij'instance, the experi¬ 
mental departments of automoMe' Rirorks, may be made 
responsible to the c(jik fingindfer. Wherp, however, a 
research department is established as a .separate depart¬ 
ment for the purpose of centralizing and co-ordinating all, 
these and other functions, and actively assisting in the 
development of the company’s products, the research 
director should be solely responsible to,the, manning 
director, working tn parallel with the other,, principal 
officers and consulted will; them on all important questions 
affecriqg tlye policy of the company. The place of the 
Research Department depends to some extent on the 
length of time it has existed, c 

In general, the process of growth has been the same in 
America, Germany, and Gj;eat Britain. The research 
department in the early stages h£\s been associated 
with an existing technical department, being subse¬ 
quently constituted a’separate department charged with 
all the experimental and investigational work of the 
company', and ultimately tn the largest firms becoming a 
department concentrating exclusively on research in pure" 
science and on the application of the discoveries made. 

External Connections 

The polity of amalgamation pursued by many industrial 
concerps in recent yeafs has been directed by the nec^ty 
for building up large capital resources necessary ip opening 
new markefe and for establishing selt-cqnthined enterprises, 
pg'^mitting a considerable degree of centralization in certain 
business functions. It ,is not surprising, therefore, that 
the question of,centralizing research should arise. The 
^ fact tthat the majority •of (u<;h associations take place 
between firms ,of different, even if related, kinds renders 
co-o];dination difficult. Industrial combines are genially 
the result of very careful planning, and the industries 
concerned tend to form a clpse'd chain) the finished pr^uct 
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of one industry forming the faw material of the next 
industry. Ther^ isi therefore, a iftiity underlying ,the* 
apparent eomplexity, the «jost involved case arises 
♦n a group of highly m:hnical isdustrics, such as the 
’ sequence already instanced al»(»ve. * 

• So far as fundamental research is concerned, the problems • 
presented by such combines and by new industries which 
spring from them are siltimately problems in one or more 
of yie scifncas of chemistry, physics, metallurgy, etc., 
and, consequently, a trained force of reseau'ch workers^ 
having experience these industries can apply themselves 
to any problem with^ual facility, for the first function 
of the research worker is to recognize similarities of prin¬ 
ciple unoSrlying widely different practical applications. 
For the investigation of manufacturing problems different 
treatment is necessary. So|ne of these problems arc so 
pervasive that they could be conveniently dealt with 
centially, such as those relating to furnajc construction for 
industrial heating, the heat treatment of steels, alleys, 
feeds and speeds, electric welding, and so on. In other 
cases the problems are peculiar to one works, an(i demand 
‘not only special equipment but jlso locally specialized 
experience and knowledge. These require facilities at 
the particular works concerned. 

In the case of a complex chain group, centralized facilities 
would tend to concentrate at the largest and most complex 
worses in the group, because its oW research needs are 
largest, more particularly so if this works were also the 
end works of the, prpdustive chain, utilizing in a wide 
range of assembled products the materials j>roduced *y 
the remaining works. , ., , 

The advantages of thus centralizing »nd co-ordinating 
research at one works art»a» /oltows— 

1. Reference of research work to a centra! depart¬ 
ment avoids overlapping and duplication between the 
Various works, while the maiiftenance of proper 
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records in the Research Department prevents internal 

, duplication. • ,* * , 

2. The best men^and eqiupmsnt available can be 

concentrated at tlir; cenlral Imoratory. , This arranged 
ment is not only econcjmical, but, in view of the,acute 
shortage of technically trained<fuen and the difficulty, 
of procuring high-class equipment, it is in some respects 
the only one possible, • 

3. The efficiency and output of a Research Depart¬ 
ment increases nuich more rapidly than itstiize, owing 
to the increased specialization on Oie part of the staff 
and to* the interchange of experience pel iiiittcd by 
their concentration. 

4. The services of highly-qqalified iiffiependent 
experts can be most effectively retained and utilized 
through a central authiyity. 

5. The experience and knowledge of any member 
of any wor^s in a. combine can be readily piade 
available, through a co-ordinated scheme, in solving 
technical problems. 

6. A considerable degree of uniformity of practice 
in the employment of common materials and processes' 
can be secured, this leading to economies in purchasing. 

7. A central reseaAh organization may act as 
referee in cases of difficulty arising between one works 
in a combinatfon and, another regarding the quality 
oi supplies of material. As a combination becomes 
more and more self-contained and selhsuffiping, this 
is of increasing importance, 

f • 

Mannfactfiring Policy 

I • • 

In* a company manufacturing one line of specialized 
proAicts, the sphere of activity of a research department 
is correspandisgly limited, When a firm has established 
oneibrahch of mianufacture successfully, however, it fre¬ 
quently seeks to diminish its overhead expenses by under¬ 
taking other lines 6f manufacture which can be developed 
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and carried on without a proportional increase in the 
staff and non-frc^hictivc expense* In tliis case.,the 
services erf a reseanefi.* ^epartnte^t are invaluable. New 
applications ^id uses for existing products can besought, 
and Dew prcdu«ts can be co«*dered and'tried fully. In 
,the largest firms th^ manufacturing policy is so broad' 
that the research laboratory has unfettered freedom to 
investigate anything which promises to be of commercial 
valtje, ev^n it the application of results should take a 
considerable time. In some instances the laboratoryi 
undertakes the manufacture <»f the new product until 
the scale is sufficient Je) justify a separate immifaefuring 
department or a separate company. 

RESEARCH AND OTHER MODERN 
INDUSTRIAL. TENDENCIES 

In determining the relation of the research organization 
to tBe remaining divisions of the works,* it is necessary to 
consider how research work stands with regard to otfier 
tendencies in industry, particularly the greater recognition 
^of the human element, notably through cducationr welfare, 
and representative government, amPthat tendency towards 
cheapened and increased pri^duction through scientific 
management, standardization, and mass jiroduction. 

. * 

Research and Scientific‘Management 

• 

Industj'ial management is an art which, like all other 
arts, has a scientific basi^ capable of being eiftcnded and 
amplified, re-acting thereby on the technique of the art 
itself. The conscious recognition^of the assistance which 
can be given by scientific method, obscrvjtion, experiment, 
deduction, verification, to/ndifstsial administration imarks 
a new epoch in industry characterized by, endeavours to 
increase manufacturing efficienc y and to diminish ifvoidable 
waste. The importance of having in any works adopting 
modem managemcift methods an o%anization through 
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.which the sciegtific work required can, be conducted can 
scaKely be ovcr-cstiinated. 

Many problems in modfrp ma^agcfncnt turn'ultimately 
on accurate measurertent or the impartiffl assessing df 
evidence. The ventilatipn^lieating, and fighting of-work- 
shops, the determination of fatigue and rest,periods, the* 
measmcment of intelligence, the conduct of trade 
surveys, and the prediction of the general tendencies 
of industrial demaqjl, all provide material* for«a research 
department. *• 

A pronounced feature'of modern ananagement is the 
stan3afdiza!ion of parts throughou* an industry (such as 
commonly used machine parts), and of types sizes of 
machines throughout a works. Lhrgar outputsmr a lesser 
expenditm- arc thereby rendered possible. Standardiza¬ 
tion through the properties *)f materials and engineering 
design is based fln research which determines the most 
suitable form for<the purpose intended. The most sueccss- 
fifl examples of mass production have been based on 
research, and^nanufacturiqg concerns adopting this working 
principle arc general^ permeated with scientific spirit and 
methoel in every department. Where mass production 
is not based on careful planning de.signed to reduce costs, 
but rather secured by‘aggregating machirtes and workers, 
failure is,likely to result, as the increased demand can 
only be created by reduction in prices following on jnore 
intcnsfve production. Research is an indispensable func¬ 
tion of progressive management. It provides the proper 
equipment, staff and ‘accomiwodatioa for experimental 
work, and lemovcs this from productive departments. 

• * • 

Research and the Homw Factor in Indnstry 

Progress in industry depeifd^not merely on the develop¬ 
ment o^ imprdved methods, But also on the willingness of 
workers to take the fullest advanta^ of them in the works. 
Research is usele^ if the co-operation on the pq^ of 
workers, which alone can* make it effective, is lacking. 
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This co-operation can be secured only by a lengthy process 

of education whitl! I^ill ensure sympathetic? understanejing,* 
*in the light of whwli'lyoad inc^ustrial quest ons can be 
considered wifhout bias or prcjudifc. Research is vitally 
concerned witluthe establishment of industrial peace. 

c 

* Research" and Education 

Apart from its value in inculcating self-disc.ipline, educa- 
tioi^ in in^Justry can be utilized as a means of conferring 
that knoviedge and skill which all v\?orkers must possess,, 
in differing degrees, according io the nature of the work 
they are called upon^to perform. It may apply .to both 
juveniles and adults. The present proposals of the 
Educatidh Act, 191§, will enable all young persons between 
the ages of 14 and 18 to obtain continued education for 
eight hours weekly, either in a works school or in a municipal 
school. Adults may be provided for out of works hours. 

Thus may provision be made for Jhc dual function 
of education, to develop intelligence and craft skill, so that 
workers may be enabled to undertake operations in new 
industries called into existence* by research,* to understand 

• the structure of the industrial j^stem, and to realize 
that the prospects of an improved standard of living are 
bound up with the increased productivity of industry. 

Education is also required throughout the whole com¬ 
munity, to reveal the principlej on whith industry operates, 
the*variability of demand, and the factors on which^epends 
the rctufn any worker may expect from industry without 
injustice to othdr^ tqgetber with'the influence of research 
on Industrial progress. In other words, in^parallel with 
research work a systematic publicity an^ educational 
campaign should be conducted in ordy that the dullest 
results of research may Ije acKieved. • 

The research department should also play •its part in 
training apprentices af all grades who will*ultima1ely»work 
in other parts of the factory, and so help to ^permeate 
industry with scientifically trained mdh. 
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functions of works,research 

• ORGANIZAT^CfN 

The variations in kijid and range of manufacture in» 
different eoncerfts renders i* universally applicable state- 
<mcnt of functions imj/ossible. A# an incjjisivc case. « 
however, it is proposed to examine those of a large works 
engaged in a wide range of complex products in the 
engineering industry, electrical and mechanical, .large jnd 
^mall, in which the research department is changed with 
the res|)onsibi!ity not onlyifor academij research but also 
for th» (Haded investigational work (^n which improvement 
in current practice is based. The functions of a depart¬ 
ment more circumscribed may ba selected to ^ect the 
particular (drcumstances of any given case. 

The functions relate cither to.the improvement of existing 
or to the devclopnu-nt of new manufactures, and in both 
cases necessitate investigation into— . 

• 

1. Materials and Processes. 

2. Finished i’r( ducts. ' 

3. Metfiods of Testfr^’ and Standards. 

4. The Human Element. 

5. Academic Rescarelv • 

Material^ and Pi-ocessps ^ 

The later als employed by an industrial concern and 
the jrrocesscj which they undergo in the transformation 
termed manufacture, whether Wicyt aatually form part 
>>of flic flnishciprcduct or are incidental to it, are so closely 
connected th»t the tw« things cannot be cons'dered 
separately. The 4:haracteristic, properties of materials 
•demaiTd proct’sses peetdiaf to'edth kind of material, the 
one chan^ihg Mth the other. An industrial process 
ifnpliA a mcdificStion of material, in Size, form, character, 
or constitution. , , 

A manufacturing concern with a reputation to conserve 
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aims at purchasing for its products only the highest class 
d>f raw materials of*«tJic kind most Appropriate to tl*em.* 
This aim conflicts with t^e deshSto manufacture economi¬ 
cally by purchasing supplies on the open nrarket at prices 
* ruling at the tifhc of purchalK ^Sources of supply thus 
•vary as sump material become scarce, as improved mate- • 
rials become available, or as advancing prices in some 
commodities make it theaper to use equally satisfactory 
substitutes, One of the most impor^tant functions of a 
works resCarch organization is the establishment of a* 
suitable technical Ivisis for purcti.asing material, specifying 
the minimum demands with which the material •must 
comply in order to satisfy the technical requirements 
involved. This speeification is prepared formally for Ihe 
use of the purchasing department, which then endeavours 
to secure the material from any siiitable source. The 
work of sampling and testing incoming materials natmally 
follows, in order to ensure that the specification is met. 
This work may be delegated to an inspection department, 
but the research department should have final authority 
with regard to acceptance or rejection. 

Purchasing Specifications 

The plan of purchasing to a* specification is satisfactory 
in many ways. The existence of a definite standard— 
whiph, it should be noted, is constantly susceptible to 
improvement—precludes disputes between buyer aiM seller. 
Where se specification does not exist, purchasjs should be 
made to .sample, whith should be examined and reported 
on prior to ordering. It is highly desirably that for the 
more commonly used materials the standard,specifications 
prepared by the British Engingering Staittards Association, 
or, in less general cases, f>y*rcc5gnized trade associStions • 
or technical institutions, should be utilized! In some 
cases, official specifiiSitions used by Govranment dipart- 
mei^s may also foryi a basis for specification for industrial 
use. The material purchased by mos^ firms falls into two 
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easily definable categories,*that obtained for stock, which 
'inay be drawn hpon for current use hj' arty department in^ 
•the factory, or that puijohascd ^eiially for a.particular 
order or purpose, and held for the use of particular depart* 
ments only. In cither cact, the material may actually 
t.form part of the completed product?or may be employed, 
in and disappear during the process of manufacture. 

The use of specifications should receive careful con¬ 
sideration. Tliere is a tendency to restricst tlte supplier 
.by specifying unnee'essary requirements which ^cquently 
impose such attention or.treatment during manufacture 
that 'the price is raised. A maqjifacturer should be 
given the fullest discretion in producing material provided 
it atitually satisfies the tests to .wh^ph it is ^Gbmitted, 
which should be a measure of service conditions. If 
a material supply is found to be irregular and a specifica¬ 
tion is desired simply to eliminate irregularities, the 
specification may be use^J in the works for a period before 
the manufacturer is invited to comply with it. As the 
permissible limits of variation in properties may be much 
greater iij somi applicationi of the material than in others, 
the manufacturer ma^i, have to do not more than select' 
that part of his output which is needed by one'particular 
user. • • 

In a large works, purchasing specifications ensure a very 
desirable uniformity of practice throughout all depart¬ 
ments. ,If each dep^ment orders materials without 
reference to the rest of the works, there is liot ,pnly an 
actual loss on purchasing smalV qujinytles from several 
^suppliers as compared with one supplier, but loss dufe to 
increased clerical costs in,purcjiasing, and increased stocks 
and store space. (In this connection, standardization of 
,sizes ns of as much importance as standardization of 
properties. • « , • 

This wdrk of supervising materials forms a natural basis 
on which to investigate the ipiprovement of materials, 
or to finft equally iatisfactrtry and cWper substitutes. 
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editions, such as 1lIgl^pr speeds and larger sizes of inateriali 
in prime movers and*inachincs«bringing into prominence 
Tequirements entirely novel, add frequently it is the quality 
of material available that is Ute limiting factor in design. 
*The nature of these *equiremenfs can frequently be dis-^ 
cerned from a study of failures and defective materials, 
which should also beamdertaken by the research depart¬ 
ment. Tije cause of failure having been ascertained, steps 
may effesiively be taken to avoid returrcnce. 

Material supervision involves fke whole range of work 
of the Research D^artment from the inspection and 
evaluation of routine tests and the experimental work 
directed*^owards establishing properties and ascertaining 
behaviour under specified conditions to meet definite 
industrial requirements to pure science work of a high 
order involved in the study of phenomena such as 
magnetism, etc. 

Process Specifications 

Similar procedure may be adopted with regard to works 
processes. Even in cases in which ftie materials employed 
are constant, results of processes frequently vary if con¬ 
ducted by a foreman or workman without written instimc- 
tions. The issue of a specification covering the steps to 
be taken in the process has the double effect? of locating 
responsibility if the instructions *e not followed, and of 
facilitating improvement where a defectiveresult is obtained 
in a process ciJn^uijfed ^to specification. Sdhie processes 
involving temperature and pressure control, rates of 
and so on, are such that slight variations in'the conditions 
produce proportionally greater chang|s irf the j^oduct. 
Where this is not the ejS^ tase should be taken to give 
the widest permissible range of conditioqf. , * 

Process specifications should be preparjd by the r^arch 
department, which should obtain information from all 
po&ble sources, Tncluding the traditional knowledge of 
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those workers engaged in tfte proeiiss. A tentative specifi- 
(alipn should 1)6 prepared for exteneJ^d trial, the changes. 
• which experience suggesVs»being ^iridt before if is finally 
issiied. All subsequent changes in the process should bd 
recorded in a ftew issue ft# the specification. As with 
.naterials, existing processes should^be carefully studied ' 
with a view to their simplification, defects being examined 
and eliminated. In many cases ilf will be found that 
pr(X'es,ses based on inadequate cxperimcirtal .work .are 
jmneccssarily clumsy, or the conditions umftccssarily 
rigid. 

Tt>c.davelopmcnt of a new process, <y.y of electric welding, 
rust proofing, he.at treatment, may involve experimental 
plaitt on a semi-manufacturing scale, fur which laboratory 
space is required. 

A legitimate field for the research department is in 
connection with general factory economics, as, for instance, 
establishing effective mgtheds whereby usable material 
may be recovered from factory waste and scrap, and in 
exercising necessary technical control over such work. 
The prepjiratidn of some *m,aterials required in works 
processes, such as special alloys or compounds peculiar 
to the works not purchasable from ordinary suppliers, 
is closely allied to work of*this character." The savings 
effected are often considerable. 

Process work also 'covers .the whole field of research. 
The results of routine supervision and check tests and 
comparison of records provide suggestions f^r improve¬ 
ment. The s^udy of particular preces»escand the influence 
()f xnrying conditions indicates the method of securing 
highest yields or best results and ways in which conditions 
may ba maintaineiconstant.^ Tbe establisliment of some 
processes demands research in pure science. 

, « % 

Finished Products 

The research department can,be of ^feat assistance,in 
finding new applications fdl: a firm’s products. New 
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jiroducts similar in type to, But dincrent in size from, 
existing products’caiftdso be tried, and duration tests uiyfer* 
service conditions, deftijuction <t^ts, and others which 
Annot readily be undertaken by the comiuercial testing 
departments, wdl frequently give data of'grcat value to 
•designers regarding p^formance. * 

The construction of engineering apparatus involves not 
only the judicious selection of properly treated material, 
but ^Iso its adequate disposition in the machine, in both 
quantity ahd location. The disposition, for instance, is 
determined by th^ laws underlying the electrical and 
mechanical sciences, <uch as govern the traHsmifsisn of 
heat or electrical energy, the loss of energy in magnetic 
material, fhc behaviour of fluids subjected to temperature 
and pressure, or the phenomena accompanying surface- 
tension, capillarity, osmosis, occlusion of gases, etc. Many 
of the causes of these phenomena are imperfectly known 
or are known only qualitatively. In other cases the laws 
derived from theoretical assumptions are vitiated by the 
use of imperfect and non-homogeneous materials, the 
precise influence of which ‘can only b'e determined 
’ experimentally. , 

The research department may, therefore, become 
acquainted with the current %tatc of knowledge of such 
laws, and conduct investigations cither generally or in 
respect of particular pieces qf apparatus, to Collect data 
for rendering possible more accurate design. 

# 

Methods of Testing^ 

The study of new rnaterials and their behaviour, and of 
new apparatus, necessitatps nfw methocis of testing, 
devised to determine whether particular. properties or 
performances can be assiirwf "The research department 
should be prepared to develop testing apparatus required 
tmder these conditions, and even to manufacturu it.in its 
workshops. More |u:curate and speedy methods of routine 
testing also repay consideration. Cldsely associated with 
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this work is tli'at of mafritonance of local standards of all 
(kinds. I > * ' ' 

. Physiological & P^hologfcal Reseai'ch 

Scientific work promises a means of reconciling diffet'- 
cnccs between Employers aitd employed \»hich are due to ' 
n erroneous conceptions or interpretitions of {acts, means’ 
for the measurement of which may be lacking. Thus, 
the difficulty regarding cutting piece-rates has often been 
due to rates being set in an arbitrary afid unscientific 
..manner, without reference to the amount of ‘work that 
could be done under the existing .circujastanccs. If 
workers, and employers co-operated to secure impartial 
and accurate measurement, satisfactory rates could be 
set-which would not necessitate subsequent alteration. 

Psychological methods of determining intelligence asid 
selecting candidates for employment also demand trained 
workers who can concentrate on careful analysis of the 
measmements of iptelligyncc by methods which experience 
indicates may be accepted as trustworthy. 

Academic Research] . 

A reseWh organization commencing with the above- • 
mentioned responsibilifics places itself in direct contact 
with the works with \\liicli it is associated. Sooner or 
later the organization grows to the point of undertaking 
investigati(«s not necessarily dictated by a pressing 
industrial need, but which may serve more remote eifts. 
Thus it conunences academic research. Some works at 
this point separate the. research department into two 
divisions, one of which, the research department proper, 
''is responsible'for academic research. Other works com¬ 
mence by fofming a researefi department without any 
rcspo<jsibilitics other than •tjjc'^erformance of pioneer 
‘‘research. In the early stages it is decidedly advantageous 
to mamtavn a cl(^ association betwceqthe research depart¬ 
ment and the manufacturing organization, and this is best 
obtained if the research department dKginates from 'the 
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manufacturing side. Division or other suitable change 
jn organization may\e made later, if’desirible. , ‘ 

The inv6stigation^un()ertakeif jcrvc no direct industrial 
^nd, but are chosen because of their obvious bearing on 
wide • industrial* problems. Cftntinuous Investigation is 
•bound to reveal something of value, sooner or later, in, 
such fields as heat transmission, the rare earths, alloys, 
electric wave transmission, crystal structure, etc. 

ROUTINE TESTING 

The work referred to above respecting control of materials 
and processes necessitates a considerable volusne of purely 
routine testing, required in connection with productive 
work not connected with the regular testing of finished 
products, but involving chemical, electrical, mechanical, 
and microscopic apparatus. The relation which should 
exist between this work and research proper must be 
determined at the outset, as it has an ^portant influence 
in organization, buildings, and equipment. • 

No hard and fast rule can be laid down as to what 
relationship is desirable, as so n^ich depend^ on local 
circumstances. Some works assogiate the two, and some 
segregate them from the beginning. In other cases, 
separation ensues after a laple of time, when the research 
department is fully developed and occupied ^with funda¬ 
mental research. The opinion yf ’scientific workers is 
divided, but those who lack an intimate knowledge of 
industry are g(merally to be found opposing t^e association. 
In, some cases a» capable worker in charge of a routine 
chemical or physical laboratory can, often ;vithout speciaj 
staff or equipment, accomplish* good wor^ which is not 
strictly of a routine chaii^tgr. • • • 

The disadvantages Hf ’assdeiating the researA an^ 
routine work may be statM thus— » • , 

• • * . 

1. The routine testing laboratories are part of the 
productive system, and are bc*t associated with the 
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works ma'nager or thief engineer. The research 
organization is. superimpos?cl r*oh' the productive 
‘ system, and sliould hjve an independent director free 
from otlier respon^if>ilifics. . > 

2. The research st?g docs not obtain ade.quate 
opportunity to concentrate orwresearch proper if it, 
is liable to be called upon to meet immediately pressing 
and temporary demands of manufacturing departments. 

3. The staffs and equipment required for each, are 

different. ' ., 

4. Tile e.xpenses incqrred in routine testing are direct 
cjiarges on production, while research charges are not. 

Against these it iiuy be urged— 

• <> 

1. That research work develops slowly, and the 

first duty of a research department is to place on a 
sound basis existing materials and processes, and to 
make them and the resulting products as effleierd as 
possible. Defects in materials and difficulties in 
manufacture are best revealed through day to day 
routine tests. • 

2. ‘That a reseatch department should maintain the 
closest possible relations with manufacturing depart¬ 
ments, and this is testf assured by giving it respon¬ 
sibility for appropriate productive work. Many 
improvements can be made merely by evaluating and 
comparing the resuhs of routine tests. If the research 
department is responsible for supervision njatcrials 
and processes, it must control ro^tine'testing. 

^ 3. That a research staff can be very considerably 
relieved of much work capable of being performed by 
other grades of workers iTf a proper routine testing 
department co-operating'vp^ or under control of the 
research de^rtment is available. Highly specialized 
men, thereto^, remain on the mo^t appropriate work. 
The proper division of work between routine and 
research sides ist a mattar of orgiffiization, and !he 



THE WORKS RESEARCH’oRGANIZATION . 7^ 

latter need never be negltctM for tht former. Tire 
association •I'w^rks of diflerent.typeii and grades of, 
training is benefeiol. , • 

4. Tha^ distinctiohs brtwA'ii research and routine 
work as arijing in a factory are diffic\jlt to make and 
are frequently atibitrary in •practice. Hence, there 
is grav^ danger of overlapping and friction between 
the two organizations! 

5. That,the combined department makes it possible 
to" work with a minimum of floer space and equip¬ 
ment. The question of aljocation of costs for each" 
kind of work is easily arranged. 

-RELATIONS WITH OUTSIDE 
Institutions 

It is desirable that a works research organization should 
establish a definite liaison with the various bodies and 
institutions engaged in pursuing research and closely 
related matters, such as national and consulting labora¬ 
tories, the British Engineering Standards Association, 
Research Associations, universities and scici^ific and 
* technical institutions. A generqus policy should be 
adopted in dealing with requests from outside bodies for 
information and in co-opcraflng to form committees for 
the study of special problems or the standardization of 
materials. The research dcpartment'may wftfi advantage 
keep in touch with the outside activities of the, staff of 
the works as a whole and so ascertain what the works 
is contributing *tt 4 ccmimon effort. 

DIVISIONS OF. THE RESEARCH 
DEPfRJMENT. ’ 

In an organization uifde’rtaking work for a large elec-* 
tricai and mechanical engineering Works,, including 
responsibility for {he routine scienti^c tests add for 
mrfterials and process control the dej^rtment will comprise 
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a number of scrtions, so i^ranged as to ensure continuity 
'aiuj approjrriaK’ <li\ ision of work,*ajftl‘rtich comprising a 
.section leader, assisted^by a contjflemcnt of senior anj 
junior assistants. In .cases* where one or miore research 
workers are engaged in oiwJjranch of science, even though 
, they work ind(‘pcndcnfly for administrative purposes^ 
costing and records, etc., they may be considered to form 
a small section. ' . 

For a works engaged in mechanical .and electpcal 
engineering the se('fions nuy be as follows, er.rh having 
suitable accommoelation—i 

Administrative ' 

The director of the organization and his personal 
assistants and secretarial staff constitute the adminis¬ 
tration engaged in facilitating the work of the department 
and relieving technical workers as far as possible from 

administrative duties. 

« 

Intelligence 

The systematic collection, indexing, and distribution of 
scientific intelligence ihould be the function of a separate 
section, which should fee equipped and staffed to prepare 
bibliographies, undertake tninslations, and to maintain a 
library and records of work done. On the knowledge 
obtained bj’ this section from inside and outside the works 
a consistent research pblicy can be founded. 

a 

Chemical (Organic anp. Inorganic) , 

This section should undertake analyses of ferrous und 
non-ferrous and organic materials intended for works use 
or pas.sing tlfrough process of manufacture and should 
investigate cheitucal problertis aYising in the works. 

Mechanig\l Testing 

Iitvestigatiops in strength of materials and structures, 
and the pfa-formanccof various mechanical tests on metals. 
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textfle fabrics, papers, fibre an^ other insuitors, cements, 
are appropriately#an^ucted by a mechMical^testing section. 

toTALlORtiCAL—F]^kROUS A^D'MoN-FERROUS 

f Foimdry processes, including febrous and non-ferrous 
^castings, cupola, and ^nace control, require to be super¬ 
vised by a teJl section concentrating on this important • 
and neglected branch. The heat treatment of steels 
employed in machining, punching, or as integral parts of 
finisTied products should be supervise^by this section. 

EtECTRICAL AND MAGNETIC * 

This section shouldbe responsible for tests orfconduttors, 
resistances, electrical steels, permanent magnets, for tests 
on finished machine?, where required, and for oscillograph 
investigations and other experimental electrical work. 

Insulation 

Insulating materials and processes ere of great and 
increasing importance, and form a specialized branch* of 
modern electrical engineering. The range of materials 
I used is wide, and in its practical apd theoretic^ aspects 
forms a suitable field for a separate section. 

Materials and Processes * 

Work on materials and processes, especially, when it is 
reijuired to prepare specificatibns, may be co-ordinated by 
a special section, able to call in the assistance of specialists 
in other sectioiw as and when reijuired. 

. • * 

Physics 

This section may undertuke lhvestigatio>is of a purely 
physical character, such as are conceded‘in heat-trans¬ 
mission, standards of m&ksurement, acoustics etc." In a- 
works undertaking lamp mahufacture, tIUs Section is of 
great importance, and an illumination 'section may, also 
be •required. 
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Metrology 

I ' ‘ ' f 

Rindaincntal standards for vvoikij usp an^, precision 
apparatus or measurement ‘may be located,in a separate 
section, , ,,, , 

A iKychological and "physiologiQ(il section would be, 
' formed by workers investigating fatigue and allied subjects. 
For all the sections, a well-equippc^ workshop should be 
available in which equipment for experimcqtal work may 
be rapidly devised and made. 

, ADMINISTRATION 

From the above outline it will be evident that the 
responsibility exercised by the research department with 
rcsiiect to materials and processes involves division into 
a number of sections, according to the nature of the tests 
and investigations \^hich n»y be required. The supeiin- 
tendent or responsible leader of any section would report 
to the director and be charged with the duty of maintaining 
the equipment and apparatus required for the section, and 
of being'responsible #or the staff and discipline. The 
superintendent should filan all the investigations under¬ 
taken in the section. Somtj, workers will be, engaged on 
ajH-cial investigations, directly reporting to the director 
of the department but having no executive responsibilities, 
so that they can, as. specialists, concentrate witho\it 
interrupfton on the work in hand. , 

The admimstration of ,a research department usually 
takes one of three forms. In the case of a department 
Vngiged on pioneer research, the director may be assisted 
•by a number of speciali^s wftrking independently, any 
co-ordidation r^quiled being undertaken personally by the 
director. Such a system gives *^1011651 opportunity to 
scientific iqdlvid^lism, but ^hcre is considerable danger 
eithes'of overlapping or of insufficient correlation of 
purpose, aad in sorae^ases the lime of (tie highly-salaried 



fhont elevation 
































RESEARCH * 


it • 

staff may be untiuly occupild in the performance of work 
auxiliary to an* investigation which* fah *we!l be carried^ 
opt ty others. ^• * 

A department exclu^vcly* engaged in th« solution of* 
day-to-day difficulties may, oc the other haad, be organized 
,in a series of sections, the Recognized leader of each of which ^ 
reports to the director. In this way it is possible to arrange 
for all the work to be performed by workers of appropriate 
capacity. All the advantages of co-operative, workjng 
and continuity arc ensured. •, 

In the third place, a dopartment combining the two 
functions of.pioneer research and pie investigation of 
manufacturing difficulties will embody a mixed organiza¬ 
tion, including both sections for the conduct of work of 
the latter type, and its incidental tests, and research 
workers specializing independently on work of the former 
type. The association of the two types of workers is 
beneficial to both. The tendency towards acute specializa- 
tio:\ on the part of‘the pioneer worker is corrected, and he 
is also relieved of routine tests incidental to his investiga¬ 
tions. Tlic rout no workcrs*and technologists learn more 
of I he research mcthod*in its theoretical and experimental 
aspects. 

The work of a research depart ment is greatly facilitated by 
the conference method of working, if judiciously employed. 
The total ejfpericnce of the sjaff can be utilized if r^ular 
meetings^are arranged to discuss work in hand and tKe 
difficulties experienced. Further, when occasion, arises 
for an investigation to b* conducted,, it^is* an advantage 
^o arrange for a discussion between those who are directly 
interested, inclttding cominercial men, engineers, and other 
membe^ of th^ st^. A programme can then be drawn 
up which has the merit aif'stsijing specifically befma 
work is comtjienfed what it js hoped to achieve and the 
methods which it»is proposed to adopt. Those parts of 
the investigation which fall into different sections—dectrical, 
metallurgi^, chcnucEl, etc.—will' be c&ried out by die 
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sectioBS concerned, and the fesults incofporated into a 
final report. SuCbft co-operative working is possib|e ii^ 
“most induAtrial investigation, aijd is a speedy and satis¬ 
factory mean; of obtaining r(?sults, provided care is taken 
that .all the M'orkers intetasted in rm investigation 
.fully appreciate the eontributioil they themselves make, 
to the whofe. In other words, there should be com¬ 
plete understanding of the aim and method by all; the 
savjng in .^time arises through the division of the actual 
experimental work itself. * 

At interdepartmental confertaices it is desirable to have 
a member of the inte|jigence staff present, in ojder^that the 
fullest information relating to data on the subject under 
discussion from any available sources can be provided. 
When results are being discussed prior to the issue of a 
report, a technical assistant having some knowledge of 
patent law should be present. Care should be taken to 
credit suggestions to those making them, and a shorthand 
writer should record the details of the discussion. , 

To take an example, suppose it is desired to improve the 
manufactiu-e of a composite insalating material with respect 
• to its behaviour under heat, tenddlicy to support com¬ 
bustion, hygroscopic properties, or its dielectric strength. 
The problem would be discussed in conference with the 
insulation engineers from the insulation section, a physicist, 
a process eaiginecr accustomt^d to handle material on a 
manufacturing scale, an electrical ehgincer, a chenjist, and 
an intelligence officer, together with representatives from 
the manufacturiti^ a^d engineering depart meifts, if neces¬ 
sary. The progranune of work is drawn up and gne^ 
worker appointed to take genera^ charge of ^he investiga¬ 
tion. The work may be diwded amon^ th^ sectioi^, the 
leaders of sdiich would report fo the co-ordinating engineer, ^ 
who issues a final report. Thij is discusse^an^ approved, 
and the necessary agtiem is taken. Changes neeessgjy in 
material purchased or in processes are made in existing 
q>ecifications, and*the results of th^ investigatfm come 
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automatically fnto oi)cratton. This procedure prevents 
fan yjvestigator*workmg on wrong hrfts'through imperfect 
understanding of the i^quiremcnts ‘ and maintains the 
interest of workers froiu other departments iruinvestigationr. 
in progress. , •» . , 

, The advantage of division of worfc can only be secured,; 
where a department works as a team without friction, and 
the ability to co-operate, not always oharacteristic of scienti¬ 
fic workers on account of the highly individual cjiaract^r of 
much research work, is, consequently, of cspsiderable 
importance. With regard«to working hours and discipline, 
the staff of,a works research depar^nent should conform 
with the practice of the works itself. Considerable latitude, 
however, shoidd be afforded the dircftor in dealing with 
his staff on account of the difficulty of making research 
work conform to a predetermined routine, and of the fact 
that most research workers spend a considerable proportion 
of their leisure in developing ideas relating to their jvork 
an(l in attending meetings of societies. 

Costing , 

There arc many rdhsons for desiring accurate costs of" 
tests and investigations in works research, but the returns 
from successful research-arc so out of proportion to the 
initial expenditure that careful accounting appears unneces¬ 
sary, and t5 some scientific >\orkers itemized accounts irnply 
a stringency in financill matters foreign to the true spirit 
of inquiry, which does not stop to count the «os^ From 
the practical point of view, the char^cter'of the output is 
^ so intangible that a research department cannot be treated 
as an ordinary works department. At the same time it 
is neejssary t^ knpw, even if only approximately, the costs 
^ of investigations, as they a'ffor^ a basis for guidance in 
estimating Jutyre expenditure, If the research depart- 
ment,is granted «n appropriation for^i year or a period of 
yeafs by the directors, a knowledge of costs incurred from 
month to* month is tndispcns^le. If ?he management of 
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the company provides funds ftr'particuldt investigations 
from time to tftifblas required, it may be necessary tc^ 
estimate bhe cost vel^ closely ^n advance. If working 
•xpenses are» met by charging jvorks departments or 
subsidiary companies for w(»k done, a.fairly accurate 
.knowledge of costs i»again dcsilable to avoid difficulties.. 
In short, wherever the research department is recouped 
for its expenditure on.a basis of cost of each investigation, 
thc^ individual costs are necessary. Machinery for ascer¬ 
taining tjie elements of these costs iS a certain check on 
extravagance without necessarily preventing expenditure 
which may be spccujptivc, but justifiably so., ^ . 

In a research organization of the type descTibcd above, 
there would be , three sets of costs to ascertain, 
viz. 

For routine work incurred in materials and processes 
control. 

Fpr investigations which may or may not include some 
routine tests. * , 

For advisory work. 

Routine tests under the fiRst head are generally per- 
• formed on behalf of some preductife department or some 
department (as pmehasing) acting for a productive depart¬ 
ment. The cost incurred is part of the cost of production. 

If done on a client’s order it can be charged to the order, 
otherwise, to the general expanses of the department for 
whom the work is done. The dejiartment requy-ing the 
test shquld make in duplicate a requisition, one copy of 
which is sent to tlje research department tis a formal 
reqhest for the work to be done. , 

An investigation may involve ^considerable expenditure. 

If it is solely for the b’enefit of a^ pafticular^ works 
department, that depa^mebt, may be fairly charged 
with the cost; otherwises tlje expense giay, be shared. 
In some cases the application is so general that tl^ cost 
may be distributed over the works as a whole ; or again, 
work may be d(5ie for a non-prdiuctive d^artment, 
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serving the woVks as a wHble, which passes on the charge 
, on some existing basis. # ' * 

. iosts of investigation^ can most'readily be determined 
by giving each investigatfon an identification numbor. 
All materials purchased o*<drawn from works stocks, and 
, all services required frdm the woiks in connection witl^ 
any one investigation, should be made on requisitions 
bearing the number. Each sectiom leader should advise 
the cost accountant regularly of the number of hour§ per 
week spent on investigations in hand. In any <nne section 
the cost per worker-houi; caji readily be ascertained by 
dividing the total salaries of active^.workers per hour by 
the number of workers. The cost per hour of overhead 
charges, which cannot be allocated directly to one investi¬ 
gation such as for supervision, general clerical assistance, 
and that proportion of factory expense, rent, rates, taxes, 
power, etc., allocated to the research department, may 
similarly be ascertained, and the sum of these, being the 
cojt per hour per active worker, forms a permanent 
basis on which the expenditure on any one investigation 
can be calculated if the number of hours spent on it is 
recorded. When thrf'cost of materials and services also' 
inciured is ascertaine'd and added, the total charge is 
obtained, . i . . 

The cost of a routine test, such as a chemical analysis, 
can be sirtiilarly daterminqd, but it can with sufficient 
accuracy be predeterrhined if an average time occupied, 
found by experience, is taken. Thus, standard prices 
can be fixdU for all regularly perfprmed tests and the 
^ coding is considerably simplified. 

Work of aft advisory character and the supervision of 
technical pro(;esse^ can most ‘apprc^riately be dealt with 
^ by dharging all work of, tHis {jype to an order number 
distinguishipg ^Jie department for which the work is done. 
If it jis desired to ascertain which section of the research 
depkrtment does this work, an approbate numerical com¬ 
bination fan readily ^>e devised to indicate both the section 
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performing the service and th< department requiring the 
work. This sy^atudoes not attempt Jo differentiate 
Between aU the different services rendered to one dcffkrt-* 
gient, as thi% is not necessafry except in special cases. 

It is therefore best for work qj^a routine character. Any 
,deficit remaining aft%r routine nnd investigation costs, 
supervision, and advisory work have been costed will be 
due to work undertaken by the research department on 
its pwn initiative or to charges which cannot be disposed 
of in tfie ^ordinary way. These should be divided over the 
factory as a whole, and the division may be made on any 
suitable basis dependent on service rendered to ^ each 
department, or on the size of the department—its iVage bill 
is a rough index of its ability to pay—or a compromise 
based on both of these factors. Equipment should not, 
of course, be charged to current expenditure but to a 
special account coming out of capital or profit and loss 
accqunt. 

The result of the above system is that all costs incurred 
for individual tests and investigations are known, Md, 
consequently, estimates for expenditure can be prepared 
in the light of known figures for similar cases, df course, 
standard charges for routine tests* require reconsideration 
periodically, as materials increase in price or as more 
rapid methods are introduced, and changes in the staff 
of a section may necessitate modifi<^tion of the average 
hourly rate. Such adjustments am readily made. 

The above system represents a compromise between the 
desire of those who would inqiose a rigid system of 
accounting on a 6iboratory and of those who would have 
no system at all, the only knowledge of expenditure bemgf 
the monthly or annual total. *ro the fottner, it should 
be obvious that a rigid Systbiq cannof apply to a*“ non¬ 
productive ” department jn which work^s are not paid* 
by the hour, as in a works department, ^d in jvhich pay- * 
ment is made during holidays, illness, or absence. Approzi- 
malion is therefoit: inevitable, especially since any worker 
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may be conducting scvtol investigations in parallel. 
Further, a detjiiled statement of tfliKb Spfent by a research 
' ^woVker would be onerous to prepdf(!»and would probably 
lie inaccurate. The ^ conventional charaster of mii(^ 
works costing ijoes not rcru|pr advisable ekborate attempts 
to ascertain costs in a vlepartmenfc not engaged in prox 
diicing commodities for which a definite market price 
has to be fixed. All that the research worker is called 
upon to do in connection with this costing system is to 
keep an account of the distribution of his own tipie, and to 
take care that materials, or works services (i.e. use of 
maclpnes, works maintenance depjrtmcnt, and so on) 
required for research are charged to the appropriate 
niiinber on requisitions. 

If the above system is carried out fully, and all costs for 
investigations and routine tests are charged, the remaining 
cost of the department will be comparatively small. 

It sometimes happens that products arc being devchiped 
for a new manufaVturing’department, or expensive investi¬ 
gations arc carried on for a department not able to bear 
all the cost in any one year. The expenditure should 
then be jJrovided for frtim a suspense account and liquidated 
by a royalty charged is part of the cost of the finished 
article and placed to the credit of the research department, 
which would, in fact, be treated as an outside inventor 
would be treated, thejroyaltyjapsing when the cost incurred 
is paid for, or accumulsting to form a credit balance to be 
drawn ofi for future work. • 

Another plan is to include a develOT/hent charge or 
arge as part of the factory costs of ehch 
money thereby obtained being placed to 
the credit of si fund which iS available for expenses in 
conn^jSion with improveipeitts.* In this way each piece 
•of apparatus beifs part of the c^sl of its inevitable replace¬ 
ment by sqmethigg better. In other words, the burden of 
payment for improvement is placed on existing rather 
than on •future tmjmufactura. This Jilan undoubte'dly 
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encourages improvcinent, but changes shouM not be made 
so rapidly and ifte's^nsibly as to interfere unduly with ^ 
the manufacturing d#p^mcnts. ^Proposed improvement^ 
may well accumulate in the case pf an established line 
for, say, one yeai», so that inass 4 W()ductitin is not upset. 



‘CHAPTER yft ' 

DESIGN EQUIPMENT OF 
BESEARCSH BUILDINGS 

‘ • I 

' Since research undertaken in industry is nbt necessarily 
applied research, and university and institutional research 
not necessarily pioneer research, it follows that the respcc-, 
tive types of buildings and equipment dcsircjl rtee<f not 
present any fundamental differences. At the same time, 
however, it should be borne in mind that industrial research 
is predominantly applied, and is frequently conducted on a 
manufacturing scale demanding machinery, power supply, 
and’ other resources only available' to industry, while 
university and institutional research is predominantly 
academic, and conducted on a small scale. Differences, 
therefore, will usually exist between the types of buildings 
adapted to the tv/o kinds of work. 

'A laboratory frequently has to be accommodated in 
space provided in a larger ljuilding, andthe general dimen¬ 
sions and shape havf to be accepted and the available* 
space employed to the best advantage. While for academic 
research this is not a difficijlt matter, great ingenuity has 
generally to be exercised in adapting such areas for 
industrial research, because the scale on which it is con¬ 
ducted emphasizes special fbatures of design, with reghrd ■ 
to ventilation, ducts for supplies, and drains. , ' 

Several features should be kept in mind in dfesigning 
laboratories. The convenience and*cdhifort of workers 
k engaged should be a primary consideration, as the best 
possible lightitg, ventilatibn and heating will be an ultimate 
economy, andMetfKls such a» adequate locker and canteen 
•accommodation, provision W i^lhing, reading and writing 
will greatl/ enhance working efficiency. It should be 
borne'in mind that the building is merely the shell of the 
organization and ^ secondary, being intended to housethe 

' B», ' i 
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Staff, which is the reaDy importafit factor. Other features 
influencing design* ar^ the supply of •various services ^o 
• the laboratay, gas, witer, compressed air, etc., the positioi^ 
and magnitude of fixed apparatus, suoh as testing machines, 
•and of. apparatus requiring n*n-vibrating« bases. Store 
accommodation is very* necessary,* and it is advisable to 
plan separate small rooms for balances, for fume chambers, 
and for other laboratery operations. The sequence of 
''operations ^ouW be considered as much in a laboratory 
as in a wtfrkshop, with a view to securing maximum 
economy of effort. • 

In designing an induitrial research laboratory^heplosest 
possible co-operation is necessary between the architect 
and the research director and his staff, who will be fully 
acquainted with the requirements as to space and working 
facilities, thus ensuring the best combination of utility 
and good appearance. Up to a certain size, a single- 
storey building will naturally be selected, but above this 
size it is necessary to consider the relative merits of several 
single storey buildings and a multi-storey building. 

• 

Single and Multi-Storey Buildings * 

The respective advantages of the two types will be 
readily apparent. The multi-storey building provides all 
the floor area required with a minimum of land. Where 
lan<^is scarce, or its cost high, the tendency will b*e to build 
upwards. The multi-storey type also affords thy very 
best faciyties for access from one part of the building to 
, another, and tim£ ig s^ved in the constant conAiunication 
whicR is necessary between difierent sections of the depai;!- ^ 
ment. On the other hand, the tendency is in fhodern ferro¬ 
concrete structures to proviile little he|d rjom be^seen 
flocas, and in some kinds ^ experimental work this i» an ^ 
inconvenience, particularly Co .in the casft of. industrial 
laboratories carrying on operations or processes orea mjum- 
focturing semi-manufacturing scale. Ifulti-storey build- 
ings cannot be lighted firom the top, ext^ on thd hii^est 
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floor, and for' many kinds of research work top lighting 
is an advantage. Absence of tof) (lighting restricts the 
^ width of the building.^ There is’fnach greater difficufty 
arising through the yibrafion of machin^y being com¬ 
municated to pprts of the building where delicate operations* 
may be in progrc.ss, and'thc cost of, isolating any particular 
source of vibration on the upper floors is greater. Finally, 
the multi-storey building involves a greater proportion 
of floor area not available for active work, lost in corridors,,. 
staircases, and parfltions. 

Tlie provision of working area on a ground floor equiva¬ 
lent, to a iqulti-storey building invojves additional expense 
not only for land but for drainage, site-clearance, heating, 
and ventilation. The facility for extension, however, is 
greater than in a multi-storey building—a very important 
consideration. In the case of single-storey buildings this 
can be done by putting down a separ ate building, by simple 
addition to the length of an existing building, or by the 
provision of ond or indre wings. Any of these require 
land in the immediate neighbourhood. Multi-storey build¬ 
ings can be extended by the addition of further stories if 
the initial foundations are strong enough to suit whatever 
superstructure is ultiihately contemplated. 

It will be evident tha|, if other factors sjich as the cost 
or availability of land do not enter, the single-storey 
building is most appropriate for applied research, where a 
considerable proportion of the work may require to be on 
a manufacturing scale, while pure science woik of a com¬ 
paratively <ight type can more readily be accommodated 
in a multi-storey building. Since many variable factors 
enter into tbte question, an invariable rule is not pos.siWe. 
From the rules given fceloW’ it is possible to determine 
witl} comparative ease wfiat Actor area is required, but the 
' conditions of pach case will (li^ermine whether this area 
sliould be proyided in several single-storey buildings, 
isolated from or attached to each other, or in a multi-storey 
buildings 
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Determination of Floor Area. 

• • % • . , 

floor iirea requir^^ is computed from the number otj 
sections and of,independent W(#kers,who are, or who are 
Jikely to be, employed in the ^jrganizatioq, which is in 
tm-n dependent on th^ amount und character of the 
work to be unflertaken. 

The average active flqpr area—that is, floor area actually 
Required for working, and excluding space required for 
stores, etc.^-required per employee in’all usual sections 
of a researcli laboratory is from 1^0 to 250 sq. ft. In some 
sections, of course, wlig'e the equipment is of a_large si*e. 
as in mechanical testing, a larger area is needed 
Where the lower figure is employed, any appreciable 
increase in the work of the organization will necessitate 
extension of premises. On the other hand, the higher 
figure represents fairly comfortable conditions, and pro¬ 
vides some room for extension. It should not, however, 
be regtirded as a maximum. Tlic guiding^winciple shoul^ 
be to make the pror’ision of premises and equipment as 
liberal as circumstances permit,.and when financial con¬ 
siderations do not preclude it, an awrage of 400*sq.ft, 
of active floor space per employcc--a figure commonly 
found in the large research institutions in the United 
States—must not be regarded as excessive. 

From the product of the total staff qnd the fldor space 
Jlov(%d per employee, the total active floor space is 
obtained. To this must be added 10 to 20 per cent for 
space occtlpicd by stores, lavatories, heating, ventilation, 

’ and power plant. *1116 space lost in containing walls^ 
corridors, partitions, and stairways, will necessitate a 
further addition of 15 to 40 per cent to the^ctive floor 
area, being under ordinary T:onlHitions about 20 per c^nt 
in a single-storey and 33 per igit in a multi-stprejj building. ‘ 
The active floor area must, therefore, be iqcreas^ by^ 30 
to 50 per cent to anive at the gross floor area. • 

It ^ould be noted that the floor arya k estimated on 
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the amount required per employee. In some laboratories 
. it may be found that a greater administrative ^afl or a 
greater proportion of junior or non-technical trained staff 
is required than in others. ^ In general, however, the 
ratio between the total number of employees and those 
actually engaged in investigational ^work will not vary 
• vef^ greatly in different laboratories, the latter being 
in industrial laboratories 33% to 50% of the forAier. 

Partiifular attention should be.given to the possibility 
of extension whenMetermining floor area, and if it is likely 
to be rapid, extra room should not have to be providedTiy * 
restricting the floor area -of workers already engaged. 
The manner in v^ch work ^ows ma^ be indicated by 
Fig. 6, which shows the ^wth of work and staff of the ' 
Pennsylvania Railroad Co., and the Du ^ont 'd^ Nemours 
Co., U.S.A., and the increase in number of analytes 
performed at F. Krupp A.G., Essen, i 
s-cisso) 
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Type of <6uilding 

^ pie building' empfoyed may be ^either’ single-storey or 
Vplti-storcy. In tire ferrner case, ‘for an alea up to 
6,000 sq. ft., a simple single-storey building bf rectangulav 
form in plan would be seldTicd. Up to 12,000 sq. fti, two 
buildings of the first type may be employed, either adjacent' 
to or isolated from each other. Above this, a series of 
connected or detached buildings Uiay be employed, the 
ground plan arrangement being determined by tl)e kind ' 
available. Where land is scarce, for an area bettveen 6,000 
sq. ft. and 12,000 sq. ft., a two-storey building would be 
desirably, while for areas in excesstof 12,000 sq. ft., the 
number of stories would be increased proportionately. 
The "width of a building without intermediate supports 
to the roof trusses is largely fixed by the roof-span, and 
to some extent by natural lighting. 

Selection of Fabric 

Important factors affecting the selecting of a fabric 
arc elimination of vibration, lighting, future extensions, 
fire risk, and architecturarand aesthetic requirements, 

A consideration ot these factors, subsequently dealt 
with in greater detail in relation to various fabrics and 
their availability in this country, suggests that for a 
single-storey building either a brick or reinforced concrete 
frame and brick fabric is to-be recommended. The lajter 
constru^ion is cheaper than the former, and usually lends 
itself to more effective lateral lighting. Ha\^ng,in view 
average conditions, a flat roof has jmijcH to recommend 
it< It readily lends itself to partition of the building 
into sections ; it offers n,o exposed parts to corrosion and 
hence,both tl'e fy^st cost ana maintenance cost are low. 

, It secures the most equable temperature under external 
fluctuations, and it is the best- form for artificial lighting. 
Fuptfeer, a flat loof can be utilized as a proving ground 
whwe weathering properties of ipaterials have td be tested. 

On the' whole, ^thkefore, a* building' in brick having a 
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reinforced concrete frame and flkt roof in tHc same material 
is recommendedf in® where a section requires top ligl^ine 
ftiis can be providedbj' a lanteri^or its equivalent. Manf 
buddings, however, are provided with pitched roofs, wmch 
have some advantages with respect to natural illumination. 

For two-storey and multi-stoi'ey buildings a reinforced, 
concrete frame with concrete floor and roof forming a 
monolithic structure,* and with brick walls and filling, 
m(*t con^pletely satisfies such requirements as freedom 
from vibtntion and facility of extension, and at the same 
time will meet all ordinary architectural requirements. 
Such a building is ;Jso fireproof and permits, of exeellcnt 
lighting. 

Elimination of Vibration 

Constant use of delicate instruments demands freedom 
from vibration, and its reduction depends to a large 
extant upon the choice of fabric. One of the most weighty 
arguments in favour of a reinforced concrete skeleton gnd 
flooring for two-storey and multi-storey buildings recom¬ 
mended above is that on account of its monolithic character 
it gives the least response to disturbing forces. \ll build¬ 
ings, whatever their construction, will vibrate to some 
extent, and, therefore, where •xtremely sensitive apparatus 
is to be installed, apart from the selection of a fabric, 
precautions may have to be, taken ,against vibration by 
providing more or less vibrationldss supports for special 
apparatus. The matter is one which chiefly concerns 
internal constrfletioj. • * 

The problem o^vibration is twofold. In the first pljce,^ 
the building has to be screened from the distiftbing forces set 
up by its own contained* machinery, S^ondly, ^special 
apparatus may require tb be spreened from disturbances^ 
communicated to the budding from outside. , The former 
necessitates the isolation of unbalanced machinery frpm the 
main strdeture, and this may be done by placing all’such 
machinery on foundations independent of th® building 
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proper. Fw this purpose the machinery may be housed 
away from the main building or situafeQ 6rt the ground floor 
V;^basement, prcferaljly ^pported by'piers built from thS 
ground and separate from the rest of the building. In soma 
cases it may be jiecessary tuavoid the use of line shifting, 
.unless it is supported directly from the ground, and to, 
provide machines with separate and self-contained electric 
drives. The screening of apparatus <may only require the 
provision of rigid tables which will not vibrate tjiemselyes, , 
and which can be placed in positions where the*,vi{)ration 
taken up from the building will not be serious. In this case, 
a table top jn reinforced concrete, marble, or like 
material, supported from the floor by substantial piers in 
brick- or concrete, forms a satisfactory arrangement. 
Wliere more elaborate precautions are necessary, it may 
be essential, as indicated above, to provide specially 
designed supports based on the ground but entirely 
separate from the main structure. 

4 n example of special supports is afforded in the labora¬ 
tories of Andr6 Citroen et Cie. Here special balances, 
photo-microscopic and electro-magnetic apparatus are 
placed on the first floor, and carried on marble tables, ‘ 
A typical table has four indiarubber feet which rest upon 
the tops of two piers rising through the basement from 
a common foundation of concrete and brick. Each pier 
consists of lections in»brick, qoncrete, and compressed cork, 
the latter being capped by a plate on which the indiarubfier ‘ 
feet of tfie table rest. • 

Apart frofh structural features, of ^oursf, much may be 
^do(^e to remove vibration troubles by providing apparatus 
such as galvaitometers with flexible supports loaded with 
a suffiejent m^. ^ * 

flighting ^ 

Special treatment of the problem of natural lighting is 
req\dred in planning a research building on account of 
the close hnd accfirate observation whiCh is necessary! 
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It is important to appreciate the relative vsBues of the 
intensity of illuminlijion in the vA-tical* and horizontal 
planes required for’diiferent kinds af work. Other tljjvfl 
fe special casts, it is reasonable to assume that the former 
is most importdnt where apparatus is viewed more or less 
' in the horizgntal direAion—a very frequent requirement—• 
and that the latter is most valuable when surfaces are 
viewed from above. ‘With the object of affording some 
guide qs U) the effect of the position jf the windows upon 
these two*components, the diagrams shown in Fig. 7 have 
been prepared. • 

It is assumed that the intensity of illuminatiqn ts the 
same in all cases, that the light is diffused, and that the 
building and window extend indefinitely in the longi¬ 
tudinal direction. The ordinates of the full-line curves 
represent the intensity of direct illumination on the 
horizontal plane at a level of 3 ft. from the floor and on 
the .ceilings, and the dotted curves similarly show the 
illununation on the vertical plane as projected fromihe 
left-hand side. 

In Fig. 7, a, b, and d refer *to rooms with flat ceilings, 
and c, e, /, and g to rooms having pitched roofs, and in 
every case the lighting is lateral or top lighting, but 
not both. In practice, of cmirse, the walls and ceilings 
reflect light; for the present purpose, however, it is not 
negessary to include the effect of this influence, as the 
object is to obtain for each case an approximatj idea of 
the relative intensities of horizontal and vertical illumina¬ 
tion. The ceiling^ill^mination is plotted in order to afford 
some idea of its magnitude and influence. It would appear, 
that lateral lighting, provided Jt is aderfiate, is to be 
preferred for general laboratory work, anS this yiew is 
in accord with experience. . • , 

All the cases of top lighting dealt with show a hi^ 
horizontal illumination and a comparartively«smaIl and 
im^yenly'distributed vertical illuroinatjpn. The adifition 
of lateral ligHting would in every casewfsiderabfy iirqirove 
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the distribivtion* Comparing the different types of pitched 
roofji, the saw-trioth type appears to*'gfve the most even 
distribution, especiahy if- supplemented by solne latertfli 
lighting. This type of roof with north l^ht excludes 
direct sunlight,‘and therefbre has advantages in respect * 
• of both illumination and' even tcmf.crature, plthough its < 
span is limited to about 30 ft. In some cases a short flat 
roof introduced between two conseciftive spans has advan¬ 
tages in facilitating the erection of piping ,for fume ' 
cupboards. •. 

The extent of window area provided in some re¬ 
search laboratories varies in amount* from 20 to 35 per 
cent of the gross floor area, with an average value of 
about? 25 per cent. The modern tendency in design of 
laboratories is to provide extremely liberal lateral lighting, 
and in this respect, as already noted, the reinforced concrete 
building offers advantages. 

From the figures given, it is a simple nutter to estimate 
tlmdistribution of natural light in any ordinary combination 
of top and side lighting. 

For artificial lighting, in'order to reduce glare and to 
reprodtice as far as possible the conditions of diffused day- ' 
light, it is advisable to adopt a system of indirect or semi- 
indirect lighting with white ceilings and walls to secure 
maximum refleefion. 

luboratinies, libraries, an/1 workshops require normally 
an inter^sity of illumination of 7-5 fwt-i'andlcs, although 
for special work, for which direct local lighting*iuyts may 
be employerf, the required intensity mjiy be' 12 foot-candles, 

^ according to circumstances. 

A satisfactofy method <{f determining the power, number, 
and spacing of)igh(ing units for rooms, offtces, and corridors 
^is tht following— , 

To supply a room with anjA required intensity in foot- 
candles in*a horkontal plane, the total number of lumens 
required is obtained by dividing the product of room area 
and intenlity neclss^ by a c6-^&cient*of utilization, this 
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cocflicicnt* representing the fractioi^of the lumens of the 
sotjrce which reach i horizontal plaife lalcen 30 ins. aboye 
\he ground. For the case of white ceilings and Walls of high 
r^ecting power the coefficient has the approximate values : 
0-4, 0-5, and 06 for smalf? medium, and large rooms and* 
corridors respectively, when the lighting is .direct (dense? 
glass). For semi-indirect (dense glass) and for indirect 
(mirrored glass) lighting, these valiJfes should be decreased 
by 33 per cent, 'nic total lumens thus obtaine4 should' 
be increased by 20 per cent for depreciatibn due to 
dust. • 

The pumber of lighting units required to produce illu¬ 
mination of sufficient uniformity on a horizontal plane 
is settled by determining the mounting height (horizontal 
plane to light source for direct and to ceiling for indirect 
lighting) and utilizing the factors given in Table I, varying 
with the type of unit adopted. 


• I'ABLE 1 

Oetekminaiion of Distribution of Artificial 
L1GI17 Sources 


• 

Source of llluminAtion. 

• « 

Sf)acing Distance. 
Mounting Height. 

Prismatic or Mirrored Reflectors— 


Focusing . . •* . r 

0-75 t 

Intcnst«re ...... 

,1.25 

Extensive • . . .« . 

' 2 

Ofal Bowls or Domes enclosing Glass Units 

1-67 

Semi'indirect apd Indirect Units < . 

1-5 

f r . 



The spacipg distance havingsb^ obtained, the number 
of uni^s is readily found, and hence, from the first calculation, 
the Size of the individual tmits. 

When designing the lighting installation, it' is impeuiant 
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to provide an adequate nuinb?r 'of suitably placed wall 
plugs, and in somi Sales floor plugs may be advisable. ^ 
^mi-indkect artiflci’ll lighting, providing lamps in a/ 
tmnslucent bowl, is good if flat ceilings are used, but crfe 
• must he talcen te prevent undiv deterioration of reflecting 
power through dirt or«blackenin^ of the surface. A soft , 
diffused light is afforded. Where pitched roofs are employed 
indirect lighting is not* suitable unless a reflector is added 

>above the Jiowl. 

• 

Protection against Fire ^ 

As far as practicable, a fireproof building should be 
provided, and it is admissible to equip it with the sprinkler 
type of automatic fire extinguishers, although in labora¬ 
tories their operation causes considerable damage. In 
an atmosphere containing acid fumes this is not always 
due to fire. In all rooms where there is the least possibility 
of fine risk, chemical extinguishers should be available. 

Arrangement of Sections 

In each section of the laboratory, riwrns of different 
‘sizes will be needed, and in laying out a rccflangular 
building the larger rooms will either be placed across the 
full width of the building or r»n longitudinally, occupying 
approximately one-half the width of the building where 
thCTe is a central corridor, ajid the, full width in small 
'buildings. Typical room arrangefnents are shown in 
Fig. 8. Where some rooms need to be in intinfite con¬ 
nection with otlfers, ^ in the case*of the balance and fume 
rooms in a cheiuKal section, these may be provided as ^ 
shown in Figs, (a) and (b). It will be observed that 
the problem of providing rdoras of diffCTenljsizes is facili¬ 
tated by placing a longiftidilia^ corridor somewhat jway 
from the centre line of tlA hmjding, and iivthe case repre-* 
sented by Fig. (c) it is an advantage to pjace agy ciflumns 
required f6r the ceilii^ support along the line AB. Super- 
visim jmd iiftprnaf efficiency is aideif cAisideraWy if it is 
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possil)lc t») sec'ckarly int(5 all parts of the laboratory, and 
this can be citsurcd-in the arrangertiefit'given in Fig. {d). 
The snail rooms re(juir(;(l arc placed'in a central corridor, 
lilSiving the nuin laboratory clear. The small rooms may 
be used for bajance room,*,dark room, fume room, stores, • 
and rooms for delicat'e work requiring freedom from 
tem]X‘raturc changes and diaughts. 

Flat roofs and ceilings permit any arrangement of rooms 
to be readily made. On the other hand,.a pitched joof' 
imposes limitations whiih are mostly felt in the case of 
single-floor buildings, where all sections are together. 

A single s[)an ])itelied roof, howe\e(, offers no difficulties 
in a building where the rooms e.xtend over the full width, 
but where a longitmlina] division is reipiired, particularly 
if by a corridor, it is inconvenient, and a roof in two spans 
is desirable. In this case, the wall .supporting the trough 
l)etween the spans forms one side of the corridor, and it is 
'onvenient to utilize the corridor for carrying the mains 
■supplying water, ^’as, and electricity through the building. 

In some classes of work, as in (X'rtain chemical operations, 
eery accurate weighing and the standardization of high- 
prt'cisiort apparatus and instruments, ^•ariation of tern-' 
peraturc constitutes a disturbing factor. The use of a 
room with double walls, ip a basement if .available, or, 
failing this, with windows of northern aspect, offers 
advantageli in this r^'spect., ^ 

i ' 

Watery Gas and Electric Supplies , 

Careful .ictcntion to-the provisii^n of ducts for the 
sujrplies to the rcxrms and discharge of drainage will 
generally save considerable subsequent trouble and 
annoyance. *’ 

Fqp'single-storey building^, sfipplies will necessarily be 
provided in chapnels in the flpos, 4nd considerable ingenuity 
and care jre required in placing furniture so that pipes 
can*be brought up from the floor level and be'accessible 
for inspection wifhcAit appearing unsightly. " 
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For multi»stori'y buildings, all pipes, conduits, etc., 
sjiould enter ^he rooms close to fhe ceiling and be brought 
down t<» benches,or other points where retjuired. 'fhe 
position of the ducts.is shown in Fig. 9. This arrangenrent 



9 

Fig. 9. pucT Arrangements, Four-Storey Research 
Building 


is more satisfactory than bringing the pipes up through 
the floor or - from troughs, and pipes should preferably 
run, horiiontally above tj|\e benches they are required to 
‘ supply rather,, than underniitn, as is more commonly 
done^ Tbe mayi distributing pipes and cables should be 
arranged to supply each floor of the building and should 
be situated neaif the ceiling jind genially run along the 
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In large" multi-storey buildings, however, where extensive 
efectrical work is carried on, aiTd' vSliere, in addition to 
piped supplies, a >vjde range of electric supply" is necesiary, 
'll becomes very desirab e to have speciah pipe and cable 
ducts of s iflcient size to permit men lO wwk inside, ill 
which all distributing' pipes andtcables rnay be carried. 
These ducts rnay also be employed as part of a forced 
ventilation system, suitable for* multi-storey buildings, 
but where this is done bitumen-covered cables should be 
avoided, owing to fire risks. Such pipe and cable ducts 
are most conveniently cituated above the corridors, and 
Fig. 10 shows a section through othe duct used in the 
Research Building of the Westinghouse Electric and 
Mfg. Company, U.S.A. When ducts of this type are to 
be employed, a double row of columns is necessary, and 
the structure of the building must be arranged accordingly. 

Research requiring electric currents of large magnitude, 
as electric furnace work, will generally be arranged on 
the ground floof or basement, and it is convenient to have 
a suitable system of ducts cut in the floors and covered 
by plating, in which cables may be placed. Otherwise, 
it is desirable to keep the floors of research buildings as 
free from ducts and channels as possible. In the chemical 
and metallurgical laljora^orics where special drainage 
facilities are necessary, it is also desirable to arrange for 
sinks, etd., to discharge by ppen-ended pipes into receptacles 
let into the floor and connected to the acid drains. These 
should be easily opened up for examination. » 

The biJIlding should be equipped with soil and acid , 
^ains, and it is better for the two systems to remain 
separate witSiin the building and discharge through traps 
into a comn^n skewer outside'. Where objections are likely 
to.be taken to the discharge of acids into the common 
sewers, a special treatment bed should be provided, when 
the ^necessary neutralization can be effected. 

“Generally, all rooms in a large building will be piped for 
hot and cold mfer and gas. In additibn, it may be 
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necessary to pipe the whole, or V any ratca pM-t of the 
building with soni? i»r W1 of the following sujJidies, name^, 
ga^raised ii» pressure to’^bout 4 inj. of^water ; compressed 
ai(. at about 50 lbs. per square iiicji above atmosphei<ft 
pressure; distilled water, andean electric^ supply of a 
variety of voltages and»frequencieS. For special purposes 
oxygen and hydrogen may be supplied. 

As an example of the range of supplies regarded as 
necejisary fqr a jarge research organization, reference may 
be made*t(Fthc Research Building of tSe General Electric 
Company, U.S.A. {see Fig. 22)., This building is piped 
throughout with the iollowing su})plies, namely— , 

(а) City and river water. 

(б) Distilled water delivered by gravity. 

(c) Illuminating gas at both ordinary and high jrressures. 

(d) Hydrogen. 

{e) Oxygen. 

(/)• Compressed air. 

(g) Vacuum for experimental purposes. 

(A) Vacuum for cleaning purjroses. 

(») High pressure steam. ' 

(/) Electric, supply as follows— 

From external source : d.c. three-wire, 250 volts; 
three-phase, 40 cycles 120 Volts. 

From Research Building pcjwer plant a supply up to 
112,000 amperes, voltages up to 2(|ti(000, and frequencies 
from 25 to 2,000 cycles. 

Heatinjg^ and Ventilation . • 

A building for rt^wch purposes docs not introduce 
special requirements with regard to beating > In all cases 
the low-pressure hot-water systefn can be recommended 
on the grounds of its efficiency and greaWr trccdonf ^rom 
trouble than high-pressutb /and steam-operated systems. 

If steam radiators are uscrl, their usual pqsition^under the 
windows frequently interferes with the placing of Irencb 
fixtines. 1 ' > ' • 
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For tlv; orciinary vehtiiation of the building, no special 
provision is needed jn single and two-floor buildings other 
than is provided by^the, windows,'due in the case of mriti- 
15, or buildings forced .ventilation is recomrs.ended, and, .as 
already notedj where a especial cable and pipe .duct is 
providi d a portion of it may be utilized for distributing the 
air supply through the building. Special local ventilation 
will, of course, be needed in the chomical and metallurgical 
laboratories, where fumes are produced, ,and usually no 
difficulty will be cx'pcrienccd in securing effective extraction 
by means of fans. WJiere the presence of precision 
instruments renders dust in the laboratory inadvisable, 
air may be drawn in through fabric filters underneath the 
windows. For particularly delicate work in industrial 
areas a plenum system combining heating and ventilation 
by distributing washed and warmed air is desirable. 

Internal Finish 

Finish and decoration of the interior will be decided by 
individual taste and the expenditure permissible for the 
gurposc. Generally, howej/er, for most sections, excluding 
offices and library, it is recommended that the walls have 
glazed tiles or bricks of a pleasing shade, or wood panelling, 
to a height of about 4 ft. 6Jns. from the ground, and that 
the remainder of the walls to the ceiling be distempered 
in a light colour haying good light reflecting properties. 

Wl>ite glazed bricki or tiles extending to the ceUing are 
frcqueitily used for the chemical laboratory, but if the 
white is cuisidercd unsuitable, opal glass may be recom¬ 
mended. Partitions should be of hollow tile or wood to 
a height of 4ft. 6 ins. from the ground and glazed above 
to the ceiling* 

Fjf floors, hard wood blocks ti eated and laid on concrete, 
tiles, and special compositions have proved satisfactory, 
although in' rcgajd to the latter only well-tried and approved 
makes, capable of meeting the conditions of a research 
building,- should bt, considered. Some compositions are 
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noisy and cold and easily crdcl<» .Where a ‘battery* room 
is installed, an aip|iajt floor is recommenefed. *Roiinded 
couiers are^ recommqidfd for the junction of the wails 
and partitions with the floors,* th*!e preventing the 
^a^umulatic# of ^dust * 

Furniture , 

There is no doubt that equipment such as benches, 
fume cupboards, and hoods found satisfactory for technical 
mstAictWn^ur^oses, has exerted an un<luc influence upon 
the design commonly employed for industrial work. The 
conditions in the two cases, hodfever, are very different. 

In technical colleges, students have to be accomnjodhted 
at a comparatively high density for short periods. This 
necessitates a large st(K'k of minor equipment which must be 
immediately available if time is not tobe lost unnecessarily 
in fitting up apparatus. Hence, th(! evolution of the usual 
type of bench, with its numerous drawers and cupboards. 
The Hemand made upon the fume chaipber is generally 
not heavy, with the result that this fixture is often small, 
and the arrangements for fume extraction weak. In the 
.works laboratory, where the floor space per emirloyee is 
larger, apparatus in regular u.se is permanently set up. The 
large majority of the apparatus not actually in use is best 
kept in a store, so that the actumulation of drawers and 
cupboards becomes unnecessary. They tend to Irecome filled 
•witH debris, which harbours dirt aCrA increases fire risk. 
Fume chambers have at times to cope with heavy rushes of 
urgent work, and therefore they must be of ample capacity 
and of espcciallyo durable construction. The draught 
arrangements must, obviously, be both powerful apd-*-i 
positive. 

One or two drawers pCT b^nch meet «all rcquireipcnts. 
The bench top should consist of a material capable of 
resisting acids and of being readily cleaned. In a number 
of recent American research buildings, albercr<e—a,soft, 
talc-like stone—is largely employed for, bench tops and 
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also ffir fume cliambers uni hoods. Other suitable materials 
are glazed tiles and rough platt»glajsr but where such 
mkterials arc employed it is advisaWe to makg use of §oft 
sji^eeting to prevent tlie breakage of delijjate glasswMe. 
Tlie bench top should be entirely free frojn aliiprojections^, 
such as gas cocks, etc. , xfic advantage of standardization 
may be secured by the adoption of a unit type bench which 
[■an be built up to any length by the addition of units. 

A siltisfactory form of fume chamber consists of wired 
rough plate glass in steel franring and window's of trans¬ 
parent wired plate glass set in steel sashes, the whole of 
the steel work beii|g protected by heavy coats of a resistant 
paint. ‘ In the. alberene stone fume chambers, framing is 
unnecessary and fixed windows may be cemented directly 
on fhe stone. Wood is used for the framing of the mov¬ 
able windows. All supplies to the chamber should, of 
:oursp, be controlled by cocks and valves placed outside, 
and there should be an adequate provision of hot-plates 
for accelerating (operations. 

'The ventilation of fume chambers, hoods, etc., may be 
assisted by a fan. This may be supplemented or replaced 
by steapr or compresssed air induction jets situated at the 
entrance to the flues, or a jet above the chamber working 
on the ejector principle. 

’ ILLUSTRATIVE CASES 

In oader to illustrate the design and con|truction of 
research livboratories leased on the general principles 
indicated above, the particular cases kre taken of engineer- 
irtg works of yarious sizes, the research department being 
boused in its, own building and being responsible for the 
general superVisida of works processes and materials in 
addition to research investigations. The provision 
required in' the case of each laboratory is similar, though 
moije'spec^lized and op a larger scale in Vhe bigger 
laboratories, 




fjG. 11. Four-storey Research Building 
52,600 sq. ft. Gross F|r>of Area. Second, Third and Fourth Floors 
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These ^esig^ls are not iifiended to be ready-made labora¬ 
tories, as any design must depend oit local conditions. 
Tfiey serve to emphasize the fact that such buildings njiust 
’Ka carchilly designed, preferably as separate buildings, 
and that in research worl^ the best provision<s ultimately, 
the cheapest. • , 

Fig. 1, p. 27, shows a single-storey, self-contained research 
laboratory for about twenty actiye workers, gross floor 
area of 5,500 sq. ft., active working space being about 
3,200 sq. ft. To permit end lighting on the large testing 
machine the width is decreased as shown. 

F^g. 2, p. 33, is a building of similar size, arranged on a 
differeftt plan to permit the chemical laboratory to be 
separated from the remaining rooms on account of the 
effect of fumes on delicate apparatus. 

Fig. 3, p. 41, shows a single-storey building of double the 
area of previous c.xamples, connected in such a way that 
natural lighting is'provided for both wings on all sides. 

Similar accommodation for a two-storey building is shown 
in Fig. 4, p. 6;i. It will be noted that heavy work is kept 
on the ground floor and fhemical work on the first floor 
where top lighting can be obtained. An example of a 
single-storey building of larger area than these examples 
is given in Fig. 12, p. 123.^ 

Fig. 5, p. 83, and Fig. 11, p. 115, show a large research 
building 52,600 sq. ft. floor area, of the type which could 
be rnaintained by MViggregation of industrial firms cSver-* 
ing a wide range of industries, and providing |or an active 
staff of about 150 workers; the total aumber. including 
clerical assistants, cleaners, etc., beifigSabout 250. 

Costs c 

4 * 

costs* are mor® trustworthy for estimating 
purposes than current costs b^s«d on changing and inflated 
prices. They represent a standard by means of which 
costi for other times may be determined, and in the 
following figures^re-war conations ai« asswned. * 
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Costs may conveniently be considered under the following 
heads— 

CAPITAL Costs. 

• Buildiijgs! 

Furniture. 

Apparatus and equipment. 

Running Costs. 

Maintenance, including salaries. 

* Depr^tiatibn and Obsolescence. • 

CAPITAL POSTS 

(a) Buildings, ^verage pre-war costs for four types 
of buildings for different fabrics are represented inCablcII. 
Areas approximating to those given in the table may be 
obtained by interpolation. For convenience in comparison, 
the areas, which are gross, are given in round figures, only 
slightly different from the actual areas of the series of 
laboratories illustrated in Figs. 1-5. 

All buildings arc designed to be of •fire-resisting con¬ 
struction, and Table II includes provision for hcatmg, 
ventilation, artificial ligliting, pipes, ducts, and drains. 

TABLE II • 

Cost of Buildings of Different Areas and Fabrics* 


Claw, 

} Description of Bulltling. 

Fi^.fl &2 
6,0U0 
sq. ft. 

Fin. 3 
12,000 
sq. ft. 

I’K- 4 
, 12.000 
; ^4* fC 

Figs.5&n 
S2,000 
sq. ft. 

t 


SiiKdc 

Storey. 

^ngle 

Storey. 

Two 

Storey. 

Four 

Storey. 

I 

iBrick and steel frame 
i ston^ dressings 

' and architectiyaUinish 

100 

96 

• 

• 

92 

_ 

88 

2 

|Reinforced concrete 
with stone dressings 
and architectural finish ; 

• 99 * 

94 ' 

• 

< • 

• 97 

• 

83 

3 

iBrick and steel frame. ! 
i plain finish * 


88 , 


: % 

77 * 

4 

• 

j Reinforced concrete. : 
j pUin finish j 

f _i 

90 

88* 

• ‘ : 

\ 78 

1 74 

1 


* nr'oes tz» bated oo pcv*«v oooditknt. 
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To obt»in w approxin&te estinate of the cost of a 
structure, multiply the floor area 7*4'and tlien by the 
figure in the table, jind .divide by* 1,000. A OtOOO sq. 4t. 
boilding of Class 1 would cost approxinatcly 6 X 7 4 
100 = £4,440. , S " " *- 

(6) I'UKNiTURE. The amount oi money which can be 
spent on furnishing any given laboratory will vary con¬ 
siderably according to the nature,'quality, and finish of 
the iraterial used. But beyond a certain point no gain, 
save, perhaj)s, improved a])pearan(e is to be obtained by 
increased expenditure. Tiible 111 gives part iculars in respect 
of adequate and satisfactory furuibire of average con¬ 
struction and finish, such as is commonly employed for 
laboratory purposes. The figures include cost of installation. 

TABLE m 

Cost of Furniture and F.quipment for Different 
• Sections 


Average Cost in fs per Sqiwre Foot of 
Active Floor Area. 


Section. 

Furniture. 

1 

Apparatus. 

Furniture 

and 

Apparatus. 

Physical Testing . 

! 01 

1-7.5 

1-85 

Workshop . 

: Small 

1-25 

1-25 

Chemical ‘ . 

^ 0-3 

0-6 • 

0-9 

Photomicrographic • 

0-2.S 

0-4 

0-65 

Metallurgies 

005 

0-5 

0-55 

Electrical and Magneticx, 

;> 0-2 

0-S 

10 \ 

OHice pnd Library 

m 

05 


0-5 


' t|diide$ ftitue roon^ balinoe room, office, an<,l stores. 
• Includes cUrk room. , ^ 


V) Apparauvs AND Equipment. Careful estimates have 
been made for a nurabef of irell-designed and equipped 
industrial laboratories on a pie-virar basis (although some 
of these have been equipped during the war), the figures 
being expressed ii) Table III. These figufes for convenience 
are eilpressed per square foot of active floor aiea, since 
the cost is given f6r tach sectiqp. 
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RUNNING tSdSTS 

{d) Maintenance. *^^alaries.—It k difficult to give 
figures for ‘salaries, since they will jircessarily vary in 
dMerent labprltories. On a pre-war basis, however, rtle 
Average salary fhr the whole lAnge of jiecjple, including 
clerks, janitors, etc,, a^well as research workers, necessary • 
to secure efficient working inay, for the purpose of guidance, 
be taken as £200 per anftum per worker. 

• {e) Di^preciation and Obsolescence. An estimate 
of maintenance costs of laboratories apart from salaries 
is difficult to make at present,* but it may be roughly 
taken to be two-thii^s of the amount spent on salaries. 
The maintenance costs on this basis are included in 
Table IV. 

TABLE IV 

Capitai. Outlay and Maintenance Costs-General 


• 

j 0)Sl per 1,000 sq. ft. 
j Gross Floor 

Cost per Employ 
('iccupying 225 iq. It. 
Gross Floor Aroa). 

Capital Outlay- • 

i i 

• 

i i 

« Building 

600 

135 

Furniture 

17.1 

40* 

Apparatus . . . ^ 

650 

1.50 


- 625 

- 190 

Total Capital Outlay . , | 

* 

i-m 

^ Maifitenancc Cost per Annum: ! 

* ^ 

* {. 

Salaries . . . . ! 

€15 

200 

Maintenance . . . 1 

.575 

^ 130 

Total M^ntenancck Costs . { 


« im 


0 • .. 


Estimates are also difficult to make for depreciation and 
obsolescence. For research* wor6, equi^meat is generally 
obtained to meet requiremeflts^of work in hand, iqjl at 
the conclusion of the wot* thr;equipment ipay be virtually * 
discarded, the figwe of obsolescence bging^ccordingly 
high. For routine work, the figure suggested by experi¬ 
ence depend# ver^ largely on the cate which is taken of 
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apparatui an(>thc degree of experience possessed by those 
usyng it. Bre?.kages*are generally higji Vhere inexperienced 
jvorkers, such as piany juniors and women* introdilied 
daring the war, are-engaged, and prevailing high add 
fluctuating costs militate Nirther against a'ny special figure/ 
being given which would be of value. 

Tlie high proportion of the total cost of maintenance 
which is covered by salaries render's the amount to be set 
aside for uitcrt-st on capital, depreciation, and obsolescence 
relatively sniall by comparison. ‘ 

Total Costs. By combining the figures given by 
Tables II and IV, costs of the four types of buildings of the 
sizes given, referred to in the former table, can be obtained. 
Table V shows the cost of a structure in reinforced concrete 
having plain finish. 


TABLE V 

Capitai, Outlay and Maintenance Costs for I*aboratories 
• Illustrated 


j 

i 

6,000 ! 
II tt. 

12,000 sq.ft. 

52.000 
sq. ft. 

4 Cost or 

Storey. 

i 

Storey, i 

: 2b. 

Sm/tle 
Storey. 

Type 3. 
Multi¬ 
storey. 


' w 

£ 

■£ \ 

£ 

Ruildinfils .... 

4,000 

7,640 

6,930 ; 

28,500 

Furniture .« 

1,050 

2,100 

2,100 i 

9,100 

Apparatus . * V * 

1 '3,900 

7,800 

7,800 

33,8)0 

Total (^pital Outlay, exclud¬ 
ing I.aj'd 

1 8,950 

17,540 

16,830 

71,400 

Total Annual Maintenance, 
including Salaries . i 

! 

i 8,700 

17,400 ^ 
* f i 

17,400 ’ 

I 75,500 


Since space^required for worker in a research building 
is most adval^tageously expressed in square feet, it has 
been-convenient to give costs of building per square foot 
rather than_per.cubic foot. .IMSe latter form is preferred, 
costs ^may^be readily worked out from the plans. The 
dimensions should be taken to include the outer walls, 
whereas for the cost on a baais of area the dimensions 
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inside the outer ,waljp are taken. Height^ foi* the five 
buildings illustrated, ^jjtluding the dikanco below ground 
to\he top’of the foundation, shoulikbe taken as 15 ft., 
ITft., 15 ft,, ^Ift., and 58 ft. respectively. In deter- 
*nuning present-day costs, it sllfiuld be remembered that 
different building maffirials have not increased in price 
to the same extent. 

The important facts’brought out by Tables IV and V, 
partlculstfly the latter, are that, excludijig the cost of land, 
the cost of the building for the fabric assumed is somewhat 
less than half the total capital outlay. Further, the 
normal annual maintenance cost is about equal,to* the 
capital outlay. These relations—which are confirmed by 
published data relating to American laboratories—show 
very clearly that the cost of the building is of secondary 
importance, and therefore liberality should be shown in 
providing a building of ample size to cope with expansion 
of wDrk. Also, in view of the cost of^maintenaiice, of 
which the greater part is taken up by salaries, given a good 
staff it is altogether false economy to endeavour to limit 
^expenditure on the equipment ; and, further^ every 
assistance in the way of illumination, ventilation, and 
good working conditions incident to the highest efficiency 
is a real economy. 


r 

EXAMPLES OF 

< RESEARCH LABORATORIES 

* • 

Metropolitan-Vickers Electrical Co., Ltd., 

« 

MAKOlESTfiR 

The manner in which the above principles work outHn a 
practical example U indicifted in the Frontispier^ and Figs. 
12-14, pp. 123-125, which show the Research Laboratories 
of thjMetropohtan-Vickers Electrical Co.JLtrf., Manchester, 
the construction of two of the four buildings of which are 
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completed These laboratories house a research organiza- 
ti<fi wliirh is .closely associated wfthHhe manufacturing 
departments, and .which is responsible fot technfcal 
supervision of materials and processes inveflving consid«r- 
able numbers (jf routine te'sts. It was, therefore, necessary* 
to make provision in the same organization {or workshops 
and laboratories for experimental processes on a semi¬ 
manufacturing sc-ale, together with laboratories for pre¬ 
cision measurements and research. Land was avaiJablo 
for singUi-storey top-lighted laboratory buildings with 
room for extension. A* block was therefore designed 
according to the plan shown in Fig.» 12, which shows the 
relationship of the buildings to each other. 

Fig. 13 shows the plan of the ground and first floors of 
the two-storey office block, the former being devoted to 
administration, the latter to intelligence work. The ground 
floor contains various offices lor clerical workers, conference 
room, women’s common room, and staff offices. The 
finst floor contafns the library and accommodates staff 
engaged in receiving, recording, translating, and dis¬ 
tributing technical and other information. Fig. 14 shows 
the geiferal arrangement of the laboratories, indicating' 
provision for chemical work, mechanical testing, and 
photomicrography. . . 

Floor Area. The total floor area available for the 
laboratories will be ^,400 sq. ft., and for the office bVick, ^ 
6,000 sq. ft. On a basis of 200 sq. ft. per worker, the 
laboratSries will accommodate approximately mie hundred 
active workers, or aboilt one hundr^'d ^aild fifty. Including 
.^erical and other workers who do not need provision to 
the same exttnt. 

Fabric. T^ie laboratory bdildings are of brick and steel 
construction, the latter being enclosed in concrete. The 
office blocl^ is wholly brick, \rttJi a flat roof. 

VifRATtQN. The separation of tte buildings auto- 
iTia\ically removes any damger of vibration arising from 
he workshop and^process building, whert the heaviest 
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work is drnduttcd. In the buildings where delicate work 
will be conducted, a-? in chemical apd electrical laboratories, 
•the mechanical tesidng, -electrical, and other niachines'tire 






Fic. 13. ‘ilESEARCH Buildings, Metropolitan-Vickers 
Electrical Co., Ltd., MiN^HESTER 
Office Block, Ground and First Floors 

• * « 

A • * 

plaofd on isolated foundations, and where vibration is 
most likely^ to give rise to diffteulty, as in delicate galvano- 
met^s an(i, photo-micrographic apparatus, these are also 
placed on isolate^ piers. 

Lighting. The natural lighting is excellent, the window 











:j>ikgs, Mbtropolitan-Vickers Electrical Co., Ltd.* Manchester 
ChemicAl and M^hanicai Testing Laboratori^ 
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Space being ample, ancl additional top lighting is provided 
i^ the laboratories. < The separation cf the buildings by a 
. distance equal to oqe half the width prevents undue cutting 
of.' of natural light at the sides. Artificial lighting through¬ 
out the offices is semi-indtect. In the laboratories frosted 
lamps are employed. ' • 

Protection Against Fire. There is ample provision 
of chemical extinguishers and hyctrants, but the sprinkler 
system is not installed as generally in outbreaks of fire in 
a laboratory much more damage is done by water than 
by the fire itself. 

Suppi.iES. Siqipl'es of compressed air, town’s water, 
town’s gas, and electric current arc taken tlirough a duct 
running down the centre of each laboratory, and are brought 
up to each point required, branch ducts being pro\’ided to 
the walls where necessary. 

Heating and Ventilation. Heating is effected by 
low-pressure hot water. The office block itself is nat'ually 
ventilated, the IJlboratofics being specially ventilated with 
a view to the rapid removal of chemical fumes and to the 
elimination of dust fn m incoming air. Air enters the 
laborattuies through filters under the windows, and is 
drawn through the main laboratory in each building into 
the smaller rooms, and whence to the roof through a duct 
by means of a fan placed on the roof at one end of each 
building.* 

Internal Finish. Panelling up to a height of 3 ft. 6 ins. 
is provided, and in the chemical laboratoriesopal glass is 
fitted abot'e the benches, with plaster to' the ceihng. 

^ General Plan. It will be noted that each laboratory is 
free from obstruction from one end to the other. This 
has been rendered possible by the adoption of a central 
corjador arrangement, itself naturally lighted, comprising 
the small rooms necessary io-a'^eater or lesser degree in 
all laboratories.. Thus, provision is made for balance room, 
fufne room, stores, dark rooms, standardization rooms, etc, 

Furniture. Furniture hRs been standardized as far 
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as possible, and all unnecessary* drawers hs^ve b*en elim¬ 
inated. ApparatifesCdhtinuously required is permanency 
set jip, and adequate’storage acconunodation is provided 
foj^the remainder. , , 

, The examples given below wi}l also serve to show the 
nature and extent of tjic provision made for rcseai'ch in 
all departmenfs of modern industry, including the cliaractcr 
of the buildings and the sequence of departments in the 
layoyt. 

A, D. Litti-e, Inc., Boston’ 

This modern laboratory is shown in Figs. 15 18, iq). 128- 
153. It is a consiultinj laboratory, the services of the staff 
being available to any company or individual retaining them. 
The bulk of the work is naturally applied research. 
Individual tests are carried out, together with investiga¬ 
tions into existing nuterials and processes and new develop¬ 
ments. The work is of the same type as that of a large 
manufactming corpr)ration but generally covers a much 
wider field. The materials and processes of paper-making 
form a speciality of the company, and its success makes 
it an outstanding example of its type. The laboratory 
Ras a total floor space of 30,000 sq. ft. The initial'outlay 
was $200,000 for building and $50,000 for equipment. 

A staff of 150 can be accommodated. With a staff of 60. 
the maintenance cost is $20,000 per month. 

National I..amp Works, General Electric Co., 
CleveijLnd, Ohio 

Fig. 1§, p. lei.jSljows the Physics buildiiig of the 
laboratories of the National Lamp Works. Only pure..* 
research relating to the physics pf illumination and its 
physiological and psychological effects bn,'the hqman 
organism is conducted here. The floor area is 128ft>X 
38 ft. Fig. 20, p. lOT, shi^v?^ the Laboratory of Applied 
Science. • j ^ 

’ In Figs. 16-17 and 23-24 the American nrrctice oi calling tbei 
gronno of a j>oildi^ the first floor is followed. 
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This works con^ent:|^tes the whole of tho resthrch and 
manufacturing devetopinent work for’incandescent lan'ps 
at Gleveland, investigating and standardizing lamp nianu- 
favture to ultimate details of construction of tools ahd 
tppliances, which are then distributed to the various 
manufacturing works. The lamp industry is probably 
the finest example of an industry originating in and con¬ 
tinuously developed by Scientific research, and the National 
^mp Wor^s forms the most complete example lor a 
works, fonfting virtually a gigantic laboratory centralizing 
research and technical skill and dsiributing manufactiuing 
information in detail to subsidiary works. Fig. 21, j). 179, 
shows the lay-out of buildings, existing and projected, at 
Cleveland. 

General Electric Co., Schenectady 

This well-known research laboratory, shown in Fig. 22, 
p. 181, occupies five floors of the building shown, which is 
so arranged that the front and two side*wings enclose,a 
courtyard, the rooms both back and front thereby obtain¬ 
ing good natural illumination. The laboratory occupies a 
ioor space of 66,000 sq. ft. and employs about 150 workers. 

Westinghouse Electric & Manufacturing Co., 
PlTTSBURGli, Pa. 

Figs. 23, p. 185, 24, p. 189, and 26, p. 199, show the new 
^research building of this company, exclusively maintained 
for pioneer investigational work, entirely separate fAnn the 
other testing laboratories which aro situated inAhe works 
some distance away*. 'The building is three-storied. The^ 
basement houses (in addition to an instrument shop, 
machine shop and storage, goodi receivyigi department, 
motor generator outfits, etc.)'a ceramic laboratory’Mjth 
kiln and clay-working irachineiy, and laboratories for 
metallurgical work cbntaining electric fum 5 u:es rolling 
and wire-drawing machinery. The offiCes/ritffirary, and 
confetence ro^ aie on the first floob, 'together with a 
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metalfurfical laboratoty, Standards room, metallographical 
laboratories, photographic dark r4)ip,' and laboratories 
for advanced' work on insulatioft^ 'wireless developipent 
aijd condenser development. On the second floor thjjre 
are laboratories for X^ay development, illumination,, 
heat transmission problems; aijd also chemical and 
physical stores, and dining-room, etc. The chemical 
laboratories are on the thitd floor; in particular, laboratories 
for electro-chemistry, physical chemistry, organic chemjstry 
with special referefice to insulation, general chemistry with 
special reference to transformer, oils, etc., and analytical 
chemistry. , 

In addition to the above, there is a certain amount of 
space on the roof, partly enclosed and partly open, for 
general chemical and metallurgical work which needs to 
be isolated from the rest of the laboratory. 

Kynoch, Ltd., Birmingham 

•< 

■ The two-storey laboratory shown in Figs. 27, p. 203, 
and 28, p. 207, acts as a central laboratory for several 
works covering a varied fange of manufactures, chemical, 
metallurgical and mechanical. 

BrUNTON’S,* Lto., MUSSELBURdH 

Fig. 23, p. 211, shows the laboratory attached to thi^flrm 
of wire and steel cable manufacturers. It includes chemical,*^ 
mechanical testing, microscopic and metallui^ical labora¬ 
tories, anVl workshop.- The laboratories are biing used 
for the initial manufacture commer^aliy of an alternating 
stress testing machine. 

,.Tbco Rubber and \\iATifeRPROOFiNG Co., Glasgow 

This laboratory, shown in pl^ an<Lelevation in Fig. 30, 
p. 2i<5, is<ypital of a research laboratory atjtached to a 
manufacturiiig cenpem for the development and control of 

• <i 
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manufacture of new prodifct*, being quite sepaAte from 
the works labcfrt^to^y. A special feature* is the provision 
of a technical room in which processes emt be testetf on a 
^larger scale than is possible in the ftiboratory proper. 

F. Krupp Ag., Essen* 

• 

The extensive laboratories of this concern arc indicatetf 
in Fig. 25, p. 193. Jbe building is arranged so that three 
sides enclose a courtyard open on the fourth side, and the 
laljoraWies are very highly specialiled. 



CHAPTER VIII 


• 

THE CO-OpDINATlON OF RESEARCH 
AND THE ORGANIZATION pP 
INTELLIGENCE 

Scientific workers have recognized two principal valut^ 
in research, an intririhic value as a mental stimiAis, an 
education, a widening of tlje field of knowledge, and a 
potential social value, not realized until the knowledge is 
suitably transformed and applied to everyday needs and 
requireiucnts. Tliesc needs are so diverse and the body of 
science is so specialized that only in exceptional cases can 
the pure science worker even partially complete the 
application. This becomes the function of another type of 
scientifically trained wo'rker having special knowledge of a 
particular industry, •intimately acquainted with the state 
of the art and able to evaluate the possibilities of a given 
discovery, so that all indusfries may reap the benefit. 
No longer ,is the conversion of industrial managers to a 
better material, an improved process, or a cheaper product 
a speculative venture. Industry is assiduously forging 
the instruments whereby new applications of science may 
be made. « 

THE. ORGANIZATION OP APPLIED 
RESEARCH 

Applied research workers are being hauled in appropri- 
designed ^nd liberally constructed laboratories 
associated with jpejific coifcerns or with manufacturers’ 
groups jf.d associations, and tiiese workers find at the 
present time unlimited op^rtqni^ies for improvement 
by investigating in countless ways the Ifnap judgments, 
neccssarfiy hast^^^^eneralizations and tentative conclusions 
of a previous genor^itn expressed in cilrreq^ industrial 
132 » 
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practice. The, estfblishment of existing prttresses on a 
more efficient lev^el ^jll leave time and op^iortunity f*r the 
immediate incorporation of discoveries into industry. 

• Industrial research is costly and Suitable research mfn arc 
few.* The eslablishnicnt of^ co-operative research, the 
development of prR'ate consufting laboratories, and the 
formation of industrial amalgamations tend to avoid 
overlapping which would be otherwise inevitable. Thus 
i# industrial research becoming co-oriJinated and organized 
to a cofierent whole. 

• 

THE ORGANIZATION OF PIONEER 
RESEARCH 

The relation between pure and ai)))licd research is so 
delicate that changes in the one arc bound to influence the 
other, and sooner or later the question of organization of 
pioneer research is bound to arise. It has, in fact, already 
arisen and many earnest scientific workers believe that such 
organization is impossible, or, if possible, undcsiiiable. 
Many fears regarding bureaucratic control have been 
expressed, and indeed, such fears for the future of research 
would be well founded if—as some have hastily Assumed— 
the field of research were to be mapped out and workers 
allocated arbitrarily to porUons of it. But organization 
does not mean this. True organization would aim at 
sfrengthening existing weaknesses without endangering 
that freedom to investigate which is the birtliright oi every 
pioneer research worker and which experience ^las proved 
to be*the onl/ satjjifactory metBod of pursiffng so elusive 
a thing as an i5ea. Such freedom means ultimately Jjhe 
complete adaptability of worker to subject; it implies 
perfect self-expression and perfect s»lf-p^alization. Out 
of an unlimited field, work*cap be chosen which flw mind 
developing it is best fitfccFto undertake. ^ 

True organization, which implies correlation of purpose 
without ’ undue sacrifice of adaptat^Irtf^nd flexibility, 
would seejpiUo achieve the objects in view without the 



134 . 


RESEARCH 


slightest injury to existing workers o| thyir conditions of 
work, or without intefferencc with liberty to choose 
work they can best accomplish. This is the best selecting 
agcnly available. Orgknization which did not respect^ 
the conditions under whicl^ investigation is accomplished 
•would fail, deservedly fail. It is, however,, possible to 
ensure through organization that all existing bona fide 
workers should be enabled to practice research work 
continuously instead of intermittently, should freftd, • 
if desirable, from the routine of university teaching, 
without necessarily being 'removed from the university, 
should be assisted with the best availJble equipment and 
apparatus. Organization would aim, by appropriate 
scholarships and methods of selection, at choosing those 
men and women for research who now proceed to other 
professions or who do not obtain opportunities of obtaining 
the necessary scientific training. Organized effort can be 
made to carry out that wprk of the nature of scientific 
hack work and routine, necessary but tedious, which is not 
likely to attract the unfettered student. It can seek to 
provide fundamental data, constants and standards relating 
to materials, and to publish such data freely and rapidly. 
The freedom of action of any worker to select his subject 
and develop it in his own wa}» need not be affected. Over¬ 
lapping, far from being a crime, would be recognized as a 
necessity. Organization can provide that lull informatibn 
regarding the work of all men in different parts of the globe 
without wYiicjh the average worker is handicapped, and can 
thereby provide the opportunity for .oveflapping or for 
^^(Qiding it, just as the worker desires. It can increase 
the probabilit}^ of any ^rticular scientific field being 
prospected wh^h* otherwise might remain untouched. 
Muoh.t)i this organization wilf inevitably be provided by 
scientific mep themselves. Oi5!y*‘by i^s aid will it be 
possibly to oyerccxne the dangers of acute specialization 
and Iwalized a^tffityj ^ , 

The crystallization of the tWb main branOkjCs of work, 
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those oi pioneer jind^f applieiT research, apd the develop¬ 
ment of professional workers in each, must not be t^en 
to^mply that the two professions arp sharply contrasted 
as regards personnel or professional environment.# It 
•has already bden shown thal distinction between the 
work done in each bianch is difllcult if not impossible to # 
make. Men may pass freely from universities and research 
institutions to works Vcsearch laboratories and vice versa, 
.and in noiic of these is either branch necessarily exclusively 
practised. Further, the professionalization of research 
calls for consideration of the#pDsition of the scientific 
amateur. Fortunately, science, particularly in England, 
has been enriched by the devoted work of men wRo sought 
a livelihood in other spheres of activity, or who had 
private means. Tlie scientific amateur, usually the most 
enthusiastic of men, will still find his brother workers 
value all the services he can render. He may find it 
incseasingly difficult to become sufficiently .specialized, 
but no one perhaps can so effectively stddy the by-way# of 
science. He is even less fettered than the full-time 
research worker. . 

SGIENTIFIG RESEARGH AND PUBLIG 

OPINION 

• 

The process of co-ordination does not cease with the 
esAblishmcnt of closer relations between reseafth workers 
themselves. The process of rendering available Jo the 
average citizen the resources of science necesrflates the 
technotogist engage^ in the routirfe productioif of industry, 
the manufacturer, the salesman, the publicity expert, 
and the whole rank and file of the industrial army. Hencf 
the importance of permeating tlTe industri^ world with the 
need for and possibilities of r^^rch, for cstablisRu(£,the 
fullest contact betweeii*re6carch workers themselves amf 
between them anS the public in Hhose^hanSs the future 
of research must largely rest. The ext^^iMf^he apptidition 
of science to,^ustry depends upon fniitful cont:u;t between 
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the applied and the pure rfcsearch worker, but the develop¬ 
ment must not be hindered by coi4e^vitism on the part 
of'workmen, imployers or the {fUbtic to the changes it 
brings in its train! The importance of liberal outlo^ik 
on the part of workmen, is illustrated by the manifestq. 
' issued recently by the . American Federation of Labour, 
which is none the less important because it tnay represent 
the opinion of union headquarters rather than that of the 
ordinary worker, and merits quotation. The manifesto 
reads as follows—• “ 

Whereas, scientific rcsceirch and the technical application 
of the results of research form a fundamental basis upon which 
the deva'opment of our industries, manufacturing, agriculture, 
mining, and others must rest; and 

Whereas, the productivity of industry is greatly increased 
by the teclmical application of the results of scientific research 
in physics, chemistry, biology, and geology, in engineering and 
agriculture, and in the related sciences; and the health and 
well-being not only of the workers but of the whole population 
as well arc dependent upon advances in medicine and sanita¬ 
tion ; so that tlv? value "of scientific advancement to the 
wdfare of the nation is many times greater than the cost of 
the necessary research ; and 

Wlicrcas the increased pcoductivity of industry resulting 
from scientific research is a most potent factor in the ever-- 
increasing struggle of the workers to raise their standard of 
living, and the importance of this factor must steadily increase 
since there is a limit beyond^ which the average standard of 
living of the whole population cannot progress by the usual 
methods of readjustment, which limit can be raised only by 
research and the utilization of the results of rescarctf in 
industry ; and 

Where^ there are numerous important aqd pressing 
problems of administration and regulation now f^ced by 
Federal, Stme, and Lockl Govemmeids, <be wise solution 
of which depends upon scientific and technical research; 

v^d 

W'hereas the' war has \^rought home to all the nations 
engaged in it the. overwhelming importance of science and 
technology to national welfare, whether in war or in peace, 

, anffliot only is private initlhtivis {^tempting to organize far- 
reaching resi^ch in these fields' on a national seme, but in 
several countries governmental participation and support of 
such- uV\dertaktiig%.are already active : therefore bfc it 

Resolved, by thii«American Federation ^ LAbopf h) 
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conventiijn assembled, ^at a programme of scientific 
and technical reseatch 8 of major importance to the national 
welfare, and should 6e,fpstered in every way t)y the Fedeaal 
Government, and that the activities jif the Government 
ibjflf in such research should be adequately and generously 
supported in*)rde|;that the work may be greatly strengthened 
Ind extended. * . , 

Technical iftstitutions and personal relationships will 
provide for contact between reseatch workers. To develop 
a h^lthy public opinion another profession is needed, 
tliat of a scientifically trained person, ^>art teacher, part 
journalist, better informed than J)oth but equally capable 
of appreciating the (jutlook of those who know little of 
science. The need for such men is urgent, for tru» appre¬ 
ciation of science does not arise from incredulous wonder 
at the miraculous. Knowledge of its difficulties must 
precede proper comprehension of its wonders. 

THE PUBLICATION OF SCIENTIFIC 
INFORMATION . 

Most scientific work when accomplished is published, 
and publication forms the principal channel whereby 
research results are communicated and most work(;fs have 
attempted in the past to keep in touch with contemporary 
work in their own and related fields. The importance of 
publication in enabling reseafeh workers to achieve a 
meafurc of voluntary co-ordination of effort neeessitates 
some means whereby present difficulties may be overcome, 
for rapid advance and acute specialization make^t more 
difficult ^han evjr for any single, worker to^Ceep fully 
abreast of those defclopments even in his own work 
which may be in progress at institutions in many differen# » 
countries, both in the East and in the West. Jhc increasing 
recognition of the value of roaearch will coifetant ly result 
in more intensive effort^ ajd doscr application on tile • 
part of all research «ien, who catmot fail to be»stimulatcd 
by the esteem they value more than ^pcial reward. 
There is a gei^aU shortage of reseamJt workers, <ine to 
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war losses and to the virtual stopjage,of the How of men 
ffom the universities for five ye^rs._, ‘ 

• It will probably,be argued that in much applied research 
tfce investigators arc not willing to have the resmlts 
published. It is true ihat much indil'stri^ research fs 
conducted by those who for commercial j-casons do not 
desire publication, such as manufacturers or manufacturers’ 
associations. It is, however, not' necessary that publica¬ 
tion should be broadcast and general in ordc to prevent 
overlapping. In the case of British Research jtssociations, 
the Department of Soientific and Industrial Research 
itself proposes to act as a cleariifg hou.se between the 
various bodies undertaking State-aided research, and 
from its knowledge of work in progress to facilitate 
communication between As.sociations, and thus reduce 
the extent to which, otherwise, duplication might occur. 

In the case of individual firms, industrial amalg<imation 
hcas reduced very considerably the necessity for ‘many 
iimall firms caifii to do similar work, and the needs of 
the principal groups that are able to undertake research 
are usually sufficiently diverse to prevent undue 
duplication. Wliere knowledge is required of a funda¬ 
mental character common to such groups, it may be found 
expedient to obtain this»CQ-operativcly through a Research 
Association, State-aided or wholly supported by the 
industr/ or groups concerned. Free discussion at meltings ^ 
of tfchnical societies is another form of publication which 
is frcqfk'.ntly helpful, and if undue disseminalson of know¬ 
ledge is Considered td be economically* disadva^rtageous, , 
confidential meetings for free discussion, unreported by 
the technical press, as were common between technical 
staffs of diffajest firms ‘during the war, might obviate the 
(JiJktilty. As against sucH a practice, which has many 
undesirable features, it ma/'b® noted that the Research 
Laboratory of tfie National Canners’ Institute at Washing- 
toh, sapporfSSo»yjlusively by an influential group of canners 
distributes its resuAs to all canners in t^e industry, whether 




Fig. 16. Research Laboratory of A. Df Little, Ikc, 
Basyment and First Floo^RF**^ ' 
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members or not. While at the pjescnt time it jnay be diffi¬ 
cult or impossiblg to arrange for publication of the results of 
industrial lesearch, it is hope<f that those who arCijespon- 
^siblc for tlie conduct of such work will adopt a broad¬ 
minded policy in this, respect. The reasons urging such 
a coiu-se are many. 'In the first^lacc, recognition through 
publication is one of the chief stimuli of research workers. 
Extra emoluments obtainable un industrial research, as 
compared, for instance, with university fellows.hipf or 
lectureships, will not compensate the wofKcr with the 
true research spirit if, publication n any form is denied 
Ijim. Wlicrever possible research workers should be per¬ 
mitted to embody the results of their work as theses for 
higher degrees and encouraged to publish articles in 
recognized technical periodicals or present papers before 
technical and scientific institutions This in itself is an’ 
important part of the training of the young worker, and 
enables him to "obtain facility in presenting fact,s to be 
understood by those ’unfamiliar with his work. Ability 
to write a terse but complete report from the inception 
of the work to the conejusions or recommendations is rare. 

It .is now generally admitted that free discussion ^nd 
interchange of experience and knowledge is advantageous 
to all parties cone,ernedj_ and the interchange results in a 
greater gain than loss. At the same time, it must be 
admitted that there are manufacturers and otheVs who^ 
habitually depend for progress upon advancement from 
suchi^open disclosure of trade information. Successful 
manufai.*.ure rests less and less on the “trade secret,” 
and more upon sound organizatiort, on priority in the 
' market, anjl on capable executives, and to a lesser extent 
than ever i^ll a trade secret help to cover up faulty manage¬ 
ment. Thdse who place most trust on trade scnirets are 
Idequently those who have-Je^st to conceal. With regard 
to market priority, it may be notM that manufacturers 
whu make.ji^ of the Mellon Institute, of Pittsburgh, 
are able to de:^r publication for a Jjeno^ of three* years 
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and even for a longer period if tifiey can prove that tHfey 
.are likely to be harnfeij Dy disclosure at. the Aid of this 
period. ^ ‘ < * 

The^ remaining argument in favour pffrce discussion 
lies ^ the comptratij.’e ease with wljich trade secrets imy * 
be discovered by determined and persistent imtstigation, 
and to this cxtAit manufacturers who adopt research 
arc able to compete successfully \tith those depending 
upon sujh obscure knowledge. Indeed investigation into 
long’established trade secrets is likely to yiWd even better 
methods or prercesse^ than the necessarily more limited 
efforts or the chance observation which led to the original 
discovery. , 

The type of trade secret more particularly referred to 
above is the practice followed in an industrial process 
with which those outside the factory or the industry are 
not acquainted because they are unfamiliar with the 
character of the work involved. Such processes must not 
be confused with those based on scientific worje and carried 
on wholly or in part under strict secrecy because of the 
difficulty of detecting and preventing infringement which 
renders patent protection worthless. 

Summarizing, it may be said that the first step to a 
practicable and economic degree of co-ordination of 
research on a natiomal or interrihtional scale can only 
be seca^ed by keeping research specialists fully informed 
ti the progress taking place in their particular lines of 
investigation and in branches allied to it or depen^erft 
on it. Such co-ordipation involves a .much more jmniU 
and positive organizalicAi than has been comprised by 
the casual and unrelated efforts in the past, and may be • 
considered in some detail. • 

• 

THE ORGANIZATION OF SCIENTIPIC ’ • 
INTELLtGiE^GE 

Research must be based on complete* knowledge, 
of the frhole of tljp activities that bear idlTthe problems 
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under consideration. Jyvestigators are likely to have 
much*less, time in the future foi; acquairfting them- 
»selves witlj the Vork of others the case 

in the past, and the growth of science, speciafization, 
•and international Character of research makes this increas¬ 
ingly diffigult. The s^'stenratic acquisition and presePva- 
tion of information, therefore;' necessitates a separate 
organization, for it bfcomes a specialized business with 
its own trained workers, anef this is most effectively 
carried out by,a specially trained staff at a much lower 
cost than is entailed if it is distributed among research 
workers. * 


Advantages of Documentation 

The advantages of an adequate service of information, 
the process of collt-cting, indexing, and distributing, which* 
has been termed in France documentation scarcely need* 
elaboration. If relieves the research worker, of the 
,, often tedious necessity of making searches for information, 
and provides those who are temperamentally disinclined 
to e.xamine the work of others with less excuse for such 
neglect. It renders unnecessary great fluency in trans¬ 
lating foreign languages—although this is always a great 
advantage—and ensures that the progrt-ss of science com¬ 
municated in a language not usually read in English- 
speaking countries (i.e. Russian or Japanese) ‘is not, 
neglected. Adequate knowledge of existing work pre- 
vents<,expenditurc on its repetition—a determining factor 
in the ‘research jmlicy of an industrial o/ganization. 
Bibliography exercises a profound' influence over other 
fields of iscience. When new matter is assimilated 
and become part of the mental content of the research 
specialist, duly related to his previous knowledge and 
experience, thoughts and idoe.s arise in his mind which 
lead to further progress. It is impossible to over-estimate 
the inspiratic^l value and fertilizing power’of ideas thus 
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presented. It affords opportunities to scientific wwkers 
of beconung acqudintch with progress in branches other 
than their own. No’ssience advances indqpendently »f 
others, and development in one branch is frequently 
dcfayed unt^ thp advent of an improved material hr 
process 'or method of testing wtijeh forms, part of the 
legitimate sphere of activity of another science. Documen¬ 
tation, moreover, may _ to a cotwiderable extent offer a 
means of correcting the evils arising from over-specializa- 
tibn, and ^ also especially valuable to the teacher and 
student. In a research organiMtion it is a primary 
requisite in formulating a research policy. 

Finally, it offers enormous advantages in a field of wbrk 
the importance of which is only just being ai)preciated, 
namely, scientific publicity. Industrial research is of little 
value unless contemporaneously with it methods are 
pursued of educating the public to know the possibilities, 
limitations, and achievements of science, and to welcome 
its advancement. In no field is this more important than 
in industry, where advance is likely to be most delayed by 
the almost incurable conservatism of the employer or 
worker. Tliis work of popularization can be conducted 
as part of the ordinary working of the educational'system 
to juveniles, and as part of adult education through lectures, 
articles, papers, and addresscs''to audiences of all kinds, 
assisted by experimental illustrations and concrete j)ractical 
applications. There is very great scope for journals in 
this field, both for the ordinary public, the scientific 
anaateur, and the professional man, and it is ne/difficult 
• to forecast the pfotrable development of what is virtually 
a new profession, comprising vulgarisileurs who ar^ ^ 
engaged in journalism, public speqjcing, or teaching popular 
science. Documentation not^only makes'aciurate presen¬ 
tation of such information po»ible, but renders this p^iye 
with a minimum delay between the appear^ce of the 
results of pew work and their assirnilatioh by the ppblic, 
and^only when this is literally part of ^M'mental cbntent 
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of the multitude can it bt laid to ^ave achieved its final 
object. ' ^ , 

'Researcli thus requires for its "proper growth the sym¬ 
pathy, encourageificnt, and practical assistance of t}ie 
c(jrnmunity, and particujply of represertatit e leaders qj 
public opinion. The relative inertia of manufacturers in 
many directions befoie the war in Great Britain may be 
ascribed largely to a laxity arising from ignorance of the 
work being done by our competitors abroad. This attjtude 
has undergone profound change during the win-, and tlie 
most important problerq now is to ensure that research 
activities are directed along the nyrst fruitful channels. 
Tlirough documentation we may largely overcome our 
backwardness by becoming acquainted with the progress 
made’ by other industrial countiies, and so avoid the 
necessity of repeating much of their work. 

National, Munioipal or Local Basis 

Assuming the .(desirability of the systematic collection, 
co'llation, and distribution of intelligence, the question 
arises of the character of the machinery by which this 
may be done. Superficially, the idea of such work on a 
national or even international scale is extremely attractive. 
There arc obvious advantages in the centralization of such 
work in one place where the whole field of knowledge may 
be covered. On close examination, however, such a 
scheme breaks down completely. An analogous position 
is foifnd^ith regard to ordinary libraries which,Jn general, 
have foi^d the nearest approach to prganized intelli¬ 
gence work hitherto existing, and it is; generally acknow- 
^ lodged that they should be widespread. The great 
central libraries, especially national collections such as 
the Bgtish Museum, are rich treasuries and store-houses 
of'- ihformation of great historical value. They are, 
however, scarcely to be recommended to the student who 
wisljet for imniediate information. Beyond a certain 
limit, centralizatSh >f material defeats its jjwn object, not 
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' only because of the unwieMy character of the internal 
organization, but because of its ditarfce from many of 
tli8se who arciin need of its services.' 

‘ The centralizaticAi of intelligence has, in fact, already 
been tried and found wanting. The Instijut International 
pour la Biblifcgiaphie at Brussels represents an attempt 
to provide an index to human knowledge. At the outbreak 
of war it contained no less than eleyen million index cards. 
The Institut failed to realize the hopes of its founders, 
partly, jicrhaps, l>ccause the time was not fipe for it^ 
development, but mainly owing to its inaccessibility except 
to those in a small area, and the delay arising from sub- 
mitting.enquiries by post. A difficulty also arises just as 
with an ordinary library. However able, courteous, and 
willing the officers may be, they are not in a position to 
appreciate the technical requirements of the enquirer, who, 
consequently, has to be left to search for himself. Thus, 
the great advantage of properly designed intelligence 
work—economy jn time lA the research worker—is'lost. 
Unless very carefully organized and staffed, an intelligence 
service loses much of its value as the scope of its activities 
widens. ' 

The same reasoning applies to local libraries provided 
by municipalities or other public bodies for general use. 
To the student, the small Snanufacturer, the teacher, the 
public at large, such institutions may be very valuj^ble, 
particularly if they are specialized on the lines of a staple 
local* irjdustry, but they cannot pretend to meet the 
demand^s^pf experts ^and specialists, whole ,existing 
needs, even in one branch of scienqe or industry, are 
.sufficient to justify an independent intelligence 
service. * „ 

The^ consi'dci’ations lead (o the conclusion that intelli- 
work cannot conveniently be handled on a national 
or even municipal scale, tout that en connection with 
scientific research an intelligence service should be provided 
for eVery industrial, consulting, municipal. 
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national laboratory or ReseaitH Association interested in 
conducting and fcfetermg scientific research^ The labora¬ 
tory or research dep&rtfnent is the natural* unit. If Ae 
laboratory carries on work which centres round a common 
subject, the»intqjligence service^does the same. If tlie 
laboratory is interested in many matters having no specific 
relationship, the intelligence service will cover an equally 
wide field. 

Modern'Ihtelligence Service 

Tlic functions aftd organization’of an intelligence service 
outlined below refer primarily to the needs of a works 
research laboratory or Research Association, b*ut the 
service is not limited to research woik. It may be applied 
to a manufacturing business as a whole, and provide that 
information on which business policy may safely be planned. 
It is applicable to a municipal or private monopoly, a 
railway, an educational institution, a Government depart¬ 
ment , or a commercial house. The greater the ramifications 
of enterprises, the more necessary does intelligence work 
become. It represents order and system at a point where 
it is most needed—in the adequate collection, digestion, 
treatment, recording, and distribution of knowledge affect¬ 
ing the work in hand. Through its ass'stance, policy 
based on unconsidered judgments, hasty decisions, and 
paitill knowledge can be eliminated, the forewarnings of 
industrial difficulties, trade depressions, competition .can 
be received and to a considerable extent evaluat^. 

Functions of Inlelligence Service 

•i 

The functions of an intelligence service associated with 
a technical research laboratofy, industrill ®r othejwise 
are as follows— * 

• • 

1. Searching for and collecting information nece^^y 
in thj prosecution oj the work of the l|j|(K(itory, • 
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2. fraBslating, catalogifing, ind«ycin^, classifying, and 
filyig or otherwise preserving such infftrjnation, or reference 
to it, tor perftwnent record. ‘ * , 

Evaluating and, abstracting this information ajd 
preparing bibliograpliies.; 

4. Distribufion of information. , 

5. Maintenance of internal research record’s and prepara¬ 
tion of research reports from data furnished by investigators. 

6. Publicity work. 

The information may be from public sources, such as 
periodicals, (iovernment publications, patent and other 
specifications, or private, from co-workers, consultants, or 
other experts. 

The field of operation in the case of a pioneer research 
laboratory i.s comj)aratively easily deternrined and com¬ 
prises the sciences with which the laboratory is concerned. 

In the case of an industrial laboratory, the conditions are 
much more complex. The mateiials employed iri the 
iiidustry, its pr(3Cesses and products, conditions influencing 
the efficiency of labour, and many other matters have to 
be included, and the nuiuber of sources of information is 
enormously wider. The utility of inventions submitted, 
and proposals for the adoption of new manufactures under 
licence from an inventor'6r under other conditions may 
have to J)e considered. t 

The intelligence department should at first confine its 
atteflti(jn to specific requests for information, as the 
necessar^)rganizatioix is built up slowly, and, time is 
required to ascertain in what wayt ipformation nray be ' 
provided autontatically with the certain knowledge that 
it will be useful. When a request is made, general in 
character, it »s necessary to,institute a search ftr matter, 
gfJhig as far into the past as i^ deemed desirable, frequently 
to the publication of some'classic paper, patent specifica¬ 
tion,* or text-b'ook. The resulting bibliography should 
be enlarged s^sonatically as nev« mtter appears 
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in the .press, or,as advances are made in tli* research 
laboratory. . ^ , 

^ch of this inloiniation as may be on* file should be 
4assified and indexed, preferably under some well-kn(*wn 
<ind geperafly atceptcd system,Vuch as the Dewey c’assi- 
fication, which, for sj^cialized coflcctions, nwy Ix^ slightly** 
modified, but which for miscellaneous work is best used 
intact, unless the colletdion is so siiecial and peculiar that 
a totally different system is preferred. The extensions 
to this system which have been issued by the Institut 
International, Illinois Universityt and others, will be found 
helpful. A librarian skilled in the use of tlio system 
is, for a service of some magnitude, essentill, as in 
specialized scientific work the intelligence department 
in a works or other laboratory will be among the 
first to recognize the necessity of new subdivisions of 
the classification as knowledge ex])ands. It is virtually 
impossible to secure workers who are both technically 
trained and expert in library science. ‘A suitable cojn- 
promise will be found in a capable librarian, preferably a 
graduate, with considerable general kiuiwledge, common 
•sense, and intelligence, supported by the necessary trans¬ 
lators and abstractors, together with a small force of 
technical men who can, without interfering with the 
general organization, make searches for pure'y technical 
infolmation. Such work is excellent training ftir young 
graduate', entering a laboratory, and there is no serious 
loss if such men are replaced from time to t^e, and 
passed «n to oth«r branches of work. Continui^ is highly 
desirable, howevcr,*iif the case of those workers responsible 
for the indexing and filing of data. Even.with the beA' 
index, a close personal knowledge of tlje files is always 
helpful, especially if'this is Ssso.iatcd with*a gtwd'vjsual 
memory. , . , 

The matter filed rSill comprise books, periodicals, trans¬ 
actions of Societies, journals, pamphletSj^.eade catajogtes, 
pat&it specificijiirAs, all in various Twiguages, together 
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with rephrts prepared from work ^done in the 'research 
laboratory, (Jonsiddrable care,is rpqufred in the selection 
of books, in view oithc great amount of matter publiAed, 
anti articles in periodicals are so frequently reprinted 
without |)r()j)er acknowledgment of the source thaf 
considerable verification of original* sources, is required. 



CHAPTER IX 

THE RESEARCH. WORKER 

4 

The staff forms the all-important and vital feature of a 
research organization. In scarcely any sphere of intel¬ 
lectual activity is work so highly individualized as in 
scientific research; in none is it more difficult to sub¬ 
stitute one worked for another, Because the effort and the 
achievement of caclT worker are so intimately ass(x;ihted 
with his own mind and personality. 

The character of research, both pure and applied, 
necessitates a wide variety of workers, differing greatly 
in kind of ability, training, and temperament, and it is 
erroneous to suppose, particularly in applied research, 
that'only the services of men of genius can be employed. 
The nature of scientific discovery an^ invention, ftie 
types of men required for their accomplishment, and the 
manner in which they may be effectively educated, trained, 
and employed may now be considered. 

DISCOVERY AND INVENTION 

• 

The distinguishing characteristic of research^ work is 
the continuous demand made on the creative faculty in 
the endeavour to reveal new truth, i.e. a discovery. 
Causes are ascertained underlying the effects whj^ appear 
as man^ifestatiorte^o^ natural phenomena, in order to 
achieve a complete understanding of the working of 
natural law. » 

Invention, on the qtker hand, aims not'atjthc disclosure 
but at the practical application pi a principle, whicliimay 
be fully or only partially ajpprehcnded. The^ inventor is 
concerned with immediate ends, with the limited prqjilems 
of jnaterials and methods. He ma^ytsludy and work 
scientifically, btX only so far as his {n'oblem demands; he 
151 
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*is not «:onccrn(‘d with or attracted b^y observations leading 
to side issues*liowever interesting would be to a 
scfentilic woiVr- Instead of purSKirtg ('xperimental work 
wltli a vi(^w to arriting at an indeterminate conclusion, the 
inventor dii ects the expesijnent to yield .a piH.'determined 
result. 

The Inventor 

While inventive capacity characterizes some men more 
tlian others, its practical expression is very laVgely detef- 
mined by immediate environment, Th^e most important 
part of an invention consists in the apprehension of the 
una'wakg'ued need which the invention is to satisfy. It is 
therefore scarcely surprising that, except in rare cases, as 
for example, Edison, invention is not a profession con¬ 
tinuously followed, a circunrstance which affords a funda¬ 
mental distinction between it and scientific research. 
Discovery involves :t long and specialized training which 
hampers a worker as an inventor in so far as it keeps him 
in a seluilastic environment during those impressionable 
years in which he might learn to sense the needs, the 
appreciation of which prerfetermines invention as ordinarily 
understood. A research worker, a discoverer, may be an 
inventor iti the strict sense, for he may develop a new 
device or instrument or 'Riethod of testing,' but this is, 
as a rulfv incidental to his normal work. , 

A considerable and increasing proixrrtion of modern 
invention is carried on by technologists—engineers, 
chemists^metalku-gists and others—in the /rrdinary 
pursuit of their professions, and rcj^escnts the normal 
^ 4 >nK.css of improvement and adaptation in the materials 
and meth(His*of the industry concerned, and between the 
modifications* ol the expeyencerf technologist and the 
ajttrtnpts of the inexperienced amateur every kind of 
invention is comprised. 

JIadern industry develops considerably through inven¬ 
tion, dan, indced,>iv'elop in no other w^ ; but increasingly 

* 
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the inventions will b^made Ihi^ely as a matter of’coiirse 
as a consequence o^ discovery, rather, than T)e achieved in 
advance of a full underStanfiing of the underlj'ing principles 
nmde clear by a lengthy process of tjia! and error. Conse¬ 
quently, litMe is to be expectc(i in an industry from the 
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inventor who is not a scientific specialist and who desires 
to concentrate exclusively on invention. He scarcely finds 
a place in a research organization. ' 

The l)iscoveifef , 

Discovery may be pursued by two methods, whioh,^ 
demand sufficiently different mettfal characteristics broadly 
to distinguish and 'dffferenViate scientific •worker'^ The 
first may be termed the^, fumlamental method, ^hith , 
is theoretical, fretfuentfy ir&thcmatical; the second is 
empirical and experimental, differing, hdwever, from.the 
ordinary methods of the unscientifkHmateur ill being 
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systematically^ pursued and in ltavi*g no possibility 
uijexplored. The two mctho<^ V^y'be admirably illus¬ 
trated by the respective works of Newton and Kepler. 
Tl*c former was primarily an abstract thinker who tested 
the validity of his conceptions by experiment. The lattei^' 
• determined to find the law in obedience to. which planets 
swing round the sun, tried practically every mathematical 
equation which suggested itself to him before finding a 
solution. . . ' . 

Tlu? theoretician is able to discern almost intuitively 
the i)rinciples underlying natural laws,'the experimenter 
is cHstinguished by manipulative skin and by interpreting 
results m a more limited if theoretically more complicated 
field. • Some experimenters are accomplished in applying 
principles to practice, i.e. as inventors, others handle 
effectiv(!ly and systematize large masses of complex results, 
r)lhers provide accurate constants and standards. 

The actual process of discovery pursued is similar for 
each type, but tVie theoretician takes the facts on which 
he works from existing knowledge, while the experimentalist 
determines his facts by appropriate trial or relies on a pure 
speculation. The difference between the two types' 
will be made clear by consideration of the modus o-perandi 
of discovery, as it wil> ,be evident that • the former 
method is suited to broad generalizations, and the 
latter to conclusions covering a more limited range. 
To tjie former belong some of the magnificent scientific 
propheclw which it has been the privilege of «n experi- 
mentalistiwith the aid of special apparatus and "skill, to 
verify, such as that of the existence of electric waves 
*by Clerk-Mawvell. Tire existence of a co-ordinated 
mass of scieatific knowledge aeWeyed by experiment 
rqpdfA the possibility of such prophecies progressively 
greater. t '• » ^ 

OcMsionally the ability for both is found in one person ; 
the'capacity for aljj^ract thinking, wide range of'knowledge 
in several sciences, and the balance of a\raly philosophical 
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mind cospled with th^instinct for detail, eyeful (observa¬ 
tion, rigid accuracy,*piat,ipn^c and skillr)f the experiment*!-. 
Farariay, Kelvin, and Darwin arc illustrative examples. 
B*th require genius, but genius of a different order. WIkii 
9 theoretician has little paticnct or skill in experiment, 
his work frequently li»s in the field of the philosophy of • 

science and the unification of sfientific knowledge. 

» 

SYNTHESIS OF IDEAS IN DISCOVERY 

Since the progress of industry is bound up with research, 
it is of the utmost Importance thaf research workers achieve 
their highest degree W efficiency and be subjected to no 
restricting influences. Some degree of compreheflsion of 
the normal process of discovery is desirable in order to 
ascertain the extent of these restricting influences in 
industrial work. 

Education consists in the deliberate creation of a distinct 
mental environment in order that the presentation of 
ideas to the mind may be organized. Mcjdern cducatcfs 
base their inacticc substantially on the principles of 
Herbart, who considers that the mind itself, having no 
capacity initially to receive or produce anything, is of 
much less importance than the supply of ideas to the mind. 
Under the influence of successiv|! ideas the mental content 
is modified and the mind reacts differently to succeeding 
ideas Initially, according to the Herbartians, ideas, not 
being innate, enter the mind only tlirough the senses ;,but, 
in a mature person, they may arise through cdnscious 
, reflectiofi. In tliis eye one idea succeeds anofner in the 
focus of consciousness through natural associations between 
ideas, a mental group of ideas each linked in sequenc?*' 
with others, so that opp calls uplhc sucejeding one in the 
chain, being termed an " appciception mass.’^ The eft^tiqn 
of apperception ma^pes i» thb ^in function of education, ' 
and naturally the larger, more numerpus and better 
arranged ttese are, the broader is the ejjucation afSorded. 

The masses exisiin^ when an educand ^ins to think fix 

» 
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himself and to become' k conso'ous^ self-educ^ator are 
widened by ekperiepce and by conici^us reflection. They 
are vitally necessary in the process of observation, and 
'experiment required,of research workers, for they supply 
that existing knowledge and understanding which a^ 
essential to fullest observation. The lack of apperception 
nviss explains why untrained workers are unable to observe 
details readily apparent to the skilled eye, and the presence 
of unusually large masses in the same manner is the reason 
for a discovery by one man from observations overlooked 
by others. The influence of so-called, casual or chance 
observations leading to discoveries if considered later, but 
it may he observed here that while unexpected phenomena 
nray be met in scientific research, the opportunity of making 
the necessary observations only occurs to those trained to 
receive and make use of them. To others the phenomena 
would be unobserved, or, if observed, not understood, and 
dismissed from the'mind. Since observations are lijnitcd 
to those which our apperception ma.sses can use. there are 
no chance observations in the ordinary sense. They can 
only be made by minds already prepared. Since no two 
people have precisely the same experience, the same thing 
to different people conveys different ideas. Herbart 
considered ideas as either sinfilar, disparate, or contrary. 
Similar ideas, when presented to the mind, fuse to form a 
stronger-idea. Contrary ideas oppose each other so* that 
the two cannot be in the focus of consciousness simul- 
tanebusly. Disparate ideas are non-comparab|e, but com¬ 
bine to Hvm a complex idea. If, therefore, twoicomplex 
ideas arc presented to the mind at the same time, the 
cimilarities in both combine; the contrary elements 
oppose ; the ^isparate elements form a new complex. 

Professor Adams illustrates the pfocess by imagining a 
, ebuntryman seeing for thd firsf time a porter’s two-wheeled 
barrow at a railway station. It natilrally calls up in his 
mied-' the wheelbarrow he uses at home. The similar 
elements in the'*t^o complex ideas,‘Stjjh as carrying, 
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pushing before, tifro-hjindlednk^, woodenness, apd* other 
resemblances, fuse t(} form a stronger idea of d wheelbarrow. 
On tile other hand, the Iwo^wheekdness of the new barrow 
differs strongly from the onc-whecjedness of the miye 
familiar artiiSe, the ideas being dlj^parate, and complication 
results. These two idpas cannot be combiifed, and they , 
■are arrested at this point, but the conception of the 
wheelbarrow is permanently wiAmed. 

The Prodess of Discovery 

The possibility t)f di.scovery is therefore dependent upon 
the presence in the wnd of suitable, preferably large, ^nd 
well-arranged apperception masses arising from previous 
experience. These are naturally very largely dependent 
upon education, not necessarily for providing the masses 
themselves, but for the acquisition of methods of thinking 
and of classifying ideas, of mental alertness in absorbing 
therrj. The new facts required to give rise to ideas are 
afforded by experimental work, the thcuretician deriving 
his selections from the work of others, the experimenter 
determining those he requires for himself. Tlicse ideas 
are linked with existing masses and new or wider concep¬ 
tions result by the process indicated. This, however, 
is not accomplished without a high degree of mental effort. 

With a degree of sclf-analysi^ rare even in a discoverer, 
the aistinguished French physicist Poincard has given his 
own interesting experience to support his theory of the 
process of discovery, which is in such close accord’with 
common experience as to warrant acccptancc.P^e rela 
tions between facts*aft: expressed by definite laws, and since 
the universe contains an infinitude of facts, he suggests^ 
that the dominating factor in discovery is t|ie selection of 
appropriate facts between which a relationship has. to be 
established. Facts whicji qontihually recur, the simplest , 
facts, are those mo?t interesting to the scientific worker. 
Discovery ’consists in constructing new and usefuP com¬ 
binations of sel|cfied facts, such conilJlhations su^esting 
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■ tJiemsclves to the mind of'the discoyercr by virtue of the 
harmony* which exists between thepi as a consequence of 
thfeir relationship. ’This harmc nj. or concord appeals to 
the sense of aesthetic beauty. 

?oincar6 relates that for a period of two we"ks he speii^ 
a portion of each day endeavouring to prove that there 
was no function analogous to what he afterwards termed 
Fuchsian functions. After a restless night, during which 
a host of ideas were surging in his mind, he found that he 
had established the existence of one class of Fuchsian 
functions, derived from h^pergeomctric series. During the 
night two hitherto unrelated ideas coalesced to form a 
new’corjccption. The verification on rising was rapidly 
completed. Guitled by analogy with elliptical functions, 
he then endeavoured to represent these functions by the 
quotient of two series, and succeeded in forming Theta- 
Fuchsian series. At this moment a period of rest super¬ 
vened in the form, of a railway journey, and without 
warning or preparation, but with absolute certainty, the 
idea came to him that the transformations he had used 
to define Fuchsian functions were identical with those of 
non-Euclidean geometry. Later the suggestion was verified. 
Subsequently, without suspecting any connection with 
his previous work, he studied arithmetical questions, but 
failed to achieve any rcauk. During a holiday the idea 
came, characterized again by conciseness, suddenness, 
and immediate certainty, that certain arithmetical trans¬ 
formations were identical with those of non-Euclidean 
geometry. 

From this result he deduced thet ^tfeere were other 
Fuchsian functions than those corresponding with hyper¬ 
geometric series, and succeeded in forming all these func¬ 
tions but one,^.which still ba^ed him after long and per¬ 
sistent effort. Another in'mluntary rest period took place 
on account , of military service,'‘and-during this, quite 
suddenly, while crossing a street, the solution came to 
him. 
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This Experience was^ quite »(Jrmal and usual in ‘other 
researches, and is confirmed by other scientific nlen, and 
it is permissible to condtida that the procesfj of discover 
is as PoincarE indicates. There ij tittle doubt that 
the conscious mind merely reviews the selected facts 
during fhe first period, and that,the unconscious mind 
takes the results of tTiis apparently fruitless work and 
achieves the necessary combination. 

PomcarE endeavours to explain the operation of the 
uflconscioitfmind, which appears to work'with a far greater 
degree of certainjy than the qpnscious mind, by the 
suggestion that the fopmer is not inferior to the latter, not 
automatic, is capable of discernment, selection, divjnation 
and that the aesthetic sense is influenced by the beauty of 
and concord between the most harmonious combinations, 
which are thereby impressed on the consciousness. The 
unconscious mind never gives a ready-made result, only 
a point of departure for something new. The character¬ 
istic features of the process appear to be,,firstly, a period 
of intense mental application, in which the facts concernc’d 
—the selection of which is of paramount importance—are 
marshalled in the mind, followed? by a period of rest or of 
application in another direction, in order that the uncon¬ 
scious mind may have an opportunity of completing the 
process by precipitating a new ,^lationship between them 
only •requiring verification, and which springs, to the 
conscious mind with the suddenness of illumination. It is 
therefore, to a considerable extent true that the appfirently 
unproductive and idle moments of reflection and r>-editation 
may be the most Irviitful of all; that a worker denied by 
pressure of other duties of adequate opportunity for freedom, 
from activity, even in working hoq^s, is not b'Eing placed in 
a favourable position-fOr discovery. Furthlrmore, while 
these steps can readily be taken ki a research organization 
to ensure the highesb productivity of workers, jt must be 
borne in mind that no amount of intensive applicati>n,of 
these principles will necessarily res’it' in discoveries. 
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Research work is a specufaftive adyenture in which effort, 
time, or money liaye to be staked without expectation of 
reward. Miwli work may arfd 'almost certainly wjjl be 
abortive, although* tp the right type of worker negative 
results have their valu^ In other cases, iivestigatioi^ 
may lead to vcsults which are of ^icntific interest but of 
little immediate commercial value. ' • 

Scientific discovery is "an art, the conditions of success 
in which n»y to some extent be externally controlled ; if 
success may not lie commanded it may be more'effectively 
ensured by observing the conditions. , 

. ( 

The Empirical Worker 

The experimenter approaches a problem from a slightly 
different aspect. He deliberately limits the number of 
facts with which he has to deal by endeavouring to establish 
possible correlations'betwccn selected facts experimentally. 
The results obtained frequently reveal relationships which 
suggest further experimental work. Frequently no regular 
variation is discovered, while in other cases a relationship 
only holds good for the particular conditions and within 
the limits of the experiment. The relation so determined 
is generally expressed by a curve, and any interpolation or 
extrapolation has to be v«y judiciously conducted. Such 
work frequently involves_^onsiderable drudgery, bufc this 
is necessary when the number of conditions or variables 
to be considered in any given case is greater than can be 
taken in^ account on a theoretical basis. Each^ variable 
has to be isolated, and the effect of at*, regular continuous 
.variation separately ascertained, and the final effect pf 
two or more Smidtaneops variations can then occasionally 
be predicted.'.' Ih some cases the Humber of conditions to 
be Considered is so great' tha.t it is helpful if assumptions 
are made tp simplify the treStmeit and to make it amenable 
to theoretical dfecussion, a mode of procedure .scouted by 
the "'practical ”'sain, 
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It miW n(j 1)0 supposed tliat Iheofelical and cxperi- 

niontal workeis arf clearly (^jffarj'nttatid. There are in 
betwer’ii bolli e.\ti"‘ines all prides of workers, differing 
slightly from each fither in ability, and whose natural 
aptitudis h.\ve been prlrfoundly modilied by educatiofl, 
training and experience. Nor Soes it follow that a 
worker will sircceed in une branch as well as in another. 
Theoretically he may, Inrt jiractically his apperception 
masses in the tw branches dilfer consideriiNy. Oft tjie 
whole, however, a worker, by a process ol self-realization 
and self-selection, linds for himself ifi wlrrrt lirre he is 
milst likely to succeed. * 

Chance in Scientific Discovery 

Attention has frequently been drawn to the apparently 
fortuitous character of rrriury discoveries, in which a 
worker has bi'cn pursrring an investigation with one idea 
and has achieved a totaljy unex|)cctcd result, or luwmade 
a discovery thr'ough a chance observation. Rontgen, for 
example, discovered the rays which bear bis name from 
the observation of an rwtirric elfcct on a iihotographie 
plate which occurred while he was workir'g in a dark 
room. In any forrn of enqiriry or exploration it would be 
remarkable if the unexpected was not freriucntly en- 
counti'red; and research is the art of making use of the 
unexpected. The occasional casual observation—the 
srrepess of which alwavs receives more attention than that 
of hur{dreds of regular observ'ations ran oidj®be seen and 
used aniT'its causes traced bv a h^hlf trained'observer., 
Countless happenings every day woufd lead to discoveries 
' of the first irwportance if obserwd by a scientific iirvcstiga- 
tor, but the)* ;ui' either not seen ot :jre dismissed as curmus 
«and left unexplained. Chance observations, therefore, do 
not in any way detract frr^h’tht prestige of discovery, and 
the ^occaslonak fortuitous event should not blind those 
rwpiwisible for eirf^mraging researchto the fact that science 
is steadily forging the weapons wherefcy it can predict 
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and proi:^itsy, a rotiditum wliicli will i t ndi'rljieunfxpccted 
increasingly rare. * 

ToVork aimlessly, witlidiit definite piJii v, ni the hope of 
making a ehgnei' diseoveiv is to,emi?t laihire. )ii^t asit 
lA s heeirsaid that a straight line Ati tided fropi any point 
Uirough intinit.e space ^•ould sooner or later meet a star, 
so a consistent research^programme will ultimately reveal 
a diseoveiv, the magnitude of which uiav be small. As 
tiv \Aiat !4i*iv be eboseii to work ou, Or. Whitney has 
signifieantly said; "The eqiiilibriiim between mental 
and material ioneeption is so sensitive that anything which 
to the fair mind seems possible is to the trained |iersistenre 
permissible." The fair minil implies, of course, the mind 
educated to evaluate eaietiillv the possibilities and to such 
a mind a chance effect is antomaticalh’ followed by an 
examination of the cause, 

CHARACTERISTICS OF RESEARCH 
WORKERS 

It has been emidiasized by several scientific workers, 
notably Sir .Michael Foster, that achievement in science 
does not demand abnormality of mind so much as a 
peculiar normality in observation^patience, and pertinacity; 
not unusual (]ualitics so much as usual iiualitietideveloped 
to a very high degree. The imiiosition of the severe 
discipline of intelkctual work on the tinqierament usqally 
suited to discovery, leaving a mind which has fajiioncd 
for itself delicate* mental instruments for jiroTiing and 
exploring the unknofvn, results in many cases in a sensitive 
and highly-strung nature which is little adapted to the* 
asperities of industrial life, sometTmis tot% accustomed to 
the individual point of view readily to co-operate* t^itli 
others in a team, pio.s# \»ojk<rs who arc engaged in 
industry frequently adapt themselves to ^he ‘condijions 
met in a works during the period in w^ch they acquaint 
themselves with industrial practice. 
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Wl*il(i rt'scarcli specialists are fhighly individualized, 
c^nsidi rahle Imriu 1ms been doi^e tjHlu* pidspects of utilizing 
their wrviciS in industry by the assumption that.they 
|»)ssesi a kind of arttistic ttmperament which will resp»“Ct 
no bounds of disciplin* or restraint, and tvhirli mak«s 
their control*in a team'a matter oi considerable difliculty, 
especially in a large w^rks, where the less enlightenecf, 
eager to criticize where they ean'not follow the example 
of the more enjightemd, require exceptionjdly tactful 
treat meiit. \Vhil(! the temperament of the average research 
worker does not militate against his siAcess in a works, a 
resiarch director has to exercise coifsiderable discretion in 
making idlowauces. A research worker seldom embarks 
on his (areer i)urely as a means of making money, for, 
while golden returns may accrue here and there, it is far 
too speculative. He finds hinrself coiiunittcd to it by his 
aptitudes, piadilectipns, experience, and training, and is 
unable to avoid thinking about his work in his leisure 
hijue. He ma\* spend considerable time in preparing for 
and attending meetings of scientific s(jcieties. Rigid 
enforcement of a time-table nray, then-fore, not only be 
unjust but actively harmful, and will almost certainly be 
resented, because no pressure is needed to keep a research 
man at his work, ev«n if it should .on occasion 
demand his attention night and day for an extended 
period. 

It is necessary to bear in mind that genius is not essential 
in a research worker. Well-trained, energetic aiid capable, 
but othe^vise ordinary men will form tlif bulk of n research^ 
staff. There is room in the field*tfl be covered for all 
•varieties of Rapacity. “The edifice of science needs its 
masons, briejd^yers and commoi^ labourers as well as its 
foremen, master-builders and architects. In art nothing 
worth doing can be done ^’ithc^it genius ; in science even 
a moderilte ^capacity can coutrilmte to a supreme 
adliievement.” * 

• • • A • 

* Bertrand Russefl, ScUnce au4 Culture* ^ 
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Factors Influesciifg Originality 

The above consiflontfAoHf; indicate* lliat originality *is 
largely dependent on the manner in whicii natural aptitudes 
art modificdJ)y cdueation and tgunirg. Since originality 
i? a matter of degree some of fly.' influences adverse to 
yriginality may be notTd. ' 

With some workers, existing knowhdge aj)piars to act 
as a handicap rather than as a stimulus to development. 
They tak(i»present knowledge for granted and attach a 
conventional value to it. This leads to an uncritical 
acceptance of curr*ent ideas and to a point of view of the 
providential nature of things scarcely conducive to chafrge. 
Two causes may be assigned to such an outloeek. If 
oducatiem is eif the' character eef short-sighted cramming, 
knowledges is very supe'ificial, anel, in the e:ase' eif science 
teaching, acquaintance with the histe ry of science is almeist 
entirely lacking. lele'as are, therefesie', static rather than 
mobile, appe-rception masses are attenuated, and the 
fundamental rceiuisites e>f a truly scieirtific minel—kce'Ii, 
critical inte'lligene e, elispassiematu analysis, anel the spirit 
e)f cnepiiry eer enrieesity- are kecking. Such cases are 
sufficiently nume'rems tee arouse in some' minels se'rieeus 
misgivings as tee the aelverse influence e.f any feerm eif 
eelucatiem on eiriginality, espccirjly whe'ii the acute' eibse rva- 
tiern.and fre'sh vigerrenis expre'ssion eif untBtejred but 
impre'eiccupied minds is encemntered. The fault, heiwever, 
unejucstieenably lies—far more, perhaps, than is gencjally 
realized—not in cducatieen but in that feirm of 
instructiTm whicM ^frjquently passes foi it. Excessive 
preoccupatiern with reading also hinde'rs originality. ^ 

Closely asseiciatcd with this form of meiital inertia is * 
the state eif mind indmeed by reiutine, yiajticularly the 
routine of a profession which liys been termed “ Prufcsr 
sionalisni.” ‘ The profrtsidn*, using the term in the 
broadest sense, are conservative and d» not welpojne 
critijism, especiallj^ from outside. Tly* feeling, together 

‘ Sw F. H. Hayward, Professhxatism mi Origitmlity (1917). 
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with an,inability to appiVt'iatc tli^ clijiracteristifs of the 
cjiativf woik*< i, or.llio iinjailso \vlii(*li compels liim to be 
active in parbicular d iietions,hugely explains the coolness 
w^ith vyhieh origiiial »vvork is viewed by the Civil Service, 
by business mi’ii and pi/ifessional workeis. ‘It is part #f 
the suspieioil largely due to the Jack of unddstanding 
with which the creative artist and the proh'ssional malt 
regard rach other. It is the specialist over-rating his 
sirccialitv 1 v luidenatirg that of ollurs. • 

Oiiginality shows itself by larly proniise, and, with 
advaiicing i xpi ricnce, »h<ail<l be nraitrlaiin'd until age 
begins to dull the ineiuory ai'd thi^ far'ultic'S, or until 
])hysic;d vigoitr is diminished. 

As .yet, wonreii have not proved their capacity to be 
accepted as original resrsuch workers to the same extent 
as men, and it is diH'rcirlt to determiire whither this is 
because women are Irrmhrmentally withorrt the necessary 
capacity or whether edrreatiorr and trairring are nr^t yet 
ajrpropr iate. 'filler c apixsirs to be no reason, however, why 
women who have graduated in science and have received 
training in research inethed should not accomplish good 
work in original investigation. 

EDUCATION, SELECTION AND TRAINING 
OF RESEARCH WORKERS 

SiilTrcient has been said to indicate that the r ducatfon of 
research men from the earliest years is of almost incal- 
ctilabk* importance. Educata)n may fail miserably or 
succe'crt nwgirilicently in strengthening jiatiiral aptitudes, 
arousing the spirit of ciuiuiry and irt ]»ro\idhig that broad 
i^rutliKik required as a basis of acute specialization. On 
the whole, w|jih^rducati«nal theory has begun to recognize 
the ieiportaitco of the iitdividual, 'there is still far too 
fittfe attention to individual jc(]jrirements. The difficulty 
is present hr the elementary and scciiitckiry schmils owing 
to*ldl-ge classes, wh'le in the public schiarls the pressure 
of school opinion in*favour of a.uniforrnjt^of taste, mahner, 
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and Icli'l ()( attainmwit—c\*(ii at ttti; C(|st of considerable 
harm to i)ersonnlity- 7 -:s equally as disastrous in its tendency 
towards reKinifnlation. In emfeav'iuring to rccogniztiand 
deyeloj) qualities peculiar to the individual, it is nyt 
necessary to go to the otljlT extreme—no less dangerous-* 

\ of private tuition, as the Weal to be ayned at is the unfolding 
of personality to its highest degree, to the utmost* 
benefit of the community as a* whole. There must, 
therefore, be an eipiilibrium of social contact and individual 
growth—neither being sacrificed to the other, ’ffiis applies 
with equal force to all«thoso being oflucated, but for 
rt'se^rch workers the benefits would b» peculiarly valuable. 
Some winters, such as Dr. A. N. Wliitehead, consider the 
whole end of the educational machinery to he the develop¬ 
ment of genius, but, while admitting the enormous benefit 
to be gained by what may be termed the intensive pro¬ 
duction of genius, it is doubtful whether the education of 
the rest of the community can consistently be subordinjited 
to^that few, pai^ly becauiie gi-nius is of no value to a 
community unless its possessor recognizes on ethical 
grounds his obligations of service to the community. 
Genius is sufficiently self-c'onscious, as a rule, to warrant’ 
not less emphasis on this obligation than at present exists, 
and this is most effectively secured by corporate life and 
games. • 

Tire modification of educational woik in the dirertioli t)f 
recognizing individual abilities and predilections, through 
morc'cliistic curricula and examination condityins, con- 
structivr* hindicrafts, less rigid insistency on attcjidance 
at prescribed courses of lectures and th« like, will assist in 
|lje cducatiem of the potential research worker. 

Training ofjRdsearch Workers 

* 

, ^\Mlity in research woiir generally manifests itself to 
teachers during a student’s Nillege cafecr, partly bi-cause 
it is<as!»ociated with a very high standard of general intelli¬ 
gence, Vhich is indicated by ^ relative ease in passing 
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examinations. T4ie iJboriUory work in\'arial)ly associated 
nowadays witli all scipnge courses* offers opi)ort\miWes 
of picking out students with ca])acil^’ foi* experimental 
work, l)oth in constructing or setting np appanitus imd 
4n taking ot)scrvations and dedining results. 

The pres'ent methoeVof training research men hyassociat-* 
*ing them for a period after graduation with the professor 
under whom they have studied, has nuiny advantages. 

prf)fg 5 ,sor is able to woi k ove-r a nundi wider field than 
if he operated alone, while the student has ready actxss 
to his leaders’ Apericnce and Tenowledge. The plan is 
suitable for men wlTo are entering any form of research 
institution, national laboratory. Research AssociMion, or 
works research organization. 

It is desirable, however, that students entering industrial 
research should have an o])portunity of acquainting them¬ 
selves with the irraetice of the industry with which they 
are to be associated. This may be done by entering a 
Works after graduation, if no practical experience has boon 
previously obtained, for a i>eriod of apirrenticeshi]) of 
about two years’ duration, desi^med to affoid not skill in 
operations but a general knowledge of the organization 
and manufactures of the company. Special attention 
may be given to those branches <if work invoh ing apjilica- 
tions of the science, to which the .qiprenticc has given 
most attention. The period nuy be spent immediately 
after taking the master’s degree or, irreferably, inime- 
diately after taking the Irachelor’s degree, the’student 
returning to the*university for that training 1n*research 
method obtaineil during the preparation of tlu^ thesis for 
the nraster’s degree.' , ’ ’ 

Apprentice courses qf this type have J)evn common in 
the case of engineering students, but not for clivipists, 
jnetallingists, physiysts, etv.^ whether for research work 

> See Ettffineering Education —Arnold, 1920, a report the 
Edqpation Committee of the British £lect|<cal and Allied Manu¬ 
facturers Associat’vnT 
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or for Ivorks control, und ifl»y l>c adtanlageously extended 
to the la'ter. • , ' • 

‘ket eiitly a, large industrial'edficerii lias arranged, in 
order to miniiu'/.i’ tjie peril d of training required, to 
establisli relations with t^e various universitws by whicjj 
« a student leaves tbe uimcrsity on ^'raduating,.spends the 
long vacation in the works, and undertakes the preparation* 
of the higher thesis either in the wonks research department 
or in the unix'ersity, or both, as may be exjiedient, .this 
vear counting as one of the two ycais of the'hppreiitide 
course, (ienerally, a wvrks research (organization, and, 
to lesser degree, a Reseaich Association, rcipiires a 
considei.dde range of woikers, e\'en among the technically 
trained staff, from the routine analyst at the one extreme 
to the original investigator at the other. This range is 
extremely convenient, because there is always some 
uncertainty, in appointing a new member of the staff as 
to his ultimate place in the organization, even after he 
has been imdei, close olrservation during the training 
period, and a worker can be tried in various capaertres on 
pure routine work, on works problems demanding practical 
experience, common seitsi*, constructive ability, and tact- 
in dealing with men, on experimental irrvestigatiorrs, or 
on work prcdomiireirtly th^eoretical in character. 

The percentage of tichn+cally trained men and women 
on the staff of a resiarch organizsition (kqiemls to a Con¬ 
siderable extent on whether it umlirtakes prrre research 
solely or;, whether a broader ground is coverad. Jfhe figure 
is invarm4i4y smaller than is commonly su])pose<J, as, if 
highly salaried research workers arv »not to be unduly 
jliurdened with trivial duties, it is necessary to have clerical 
assistance, artisans for ctmstnrctiorral work, janitors, etc. 

If provisiori h'ls to be rmide foV Voutine testing, care 
, should be taken tot r ain workers so that a minimum number 
of highly skilled (xaiple is r (>|uirc\l, bftt this is much more' 
easily*accomplisried in laborator ies having a few types of 
tests ohly, as in a s*tV’el works research laboratory, than ill 
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a more C()mplcx^kib#ratt)ry such as j)eitaiiis to a*gcneral 
engineering works.^ tlio practice (if.pcrintttii'g juniors to 
ciitgr a lalroratory to flo cfcaniiig, storckcciyng, and record 
jjling is to be deprecated, as these ^iC?u|)atioiis, which^are 
,very suitaMi' for women, are ontj' |)re\-ented from becoming 
a blind «)hy for lx.y at <lie expciKc of makini^* 
’ him a semi-trained, semi-educated scientific worker. No 
laboratory woiker slmuld be accepted with less ([ualilka- 
tioiis than nutriculation or intermediate certiticate, and 
part-time facilities for day study slioidd be gianted. 
Otherwise. test% vital to the.;uccess of an e.\|)ensivc 
investigation n\ay te jeopardizc<l by being ])<‘ifonncd in 
an empirical and rule-of-thumb manner. The o))prirtunities 
for study at secondary schools are now such that htlle 
hardship wovild be (>ntaihd in any aspirant to scientific 
work, however humble his circumstances, if such attend¬ 
ance were nuule a condition of employment, while the 
growth of scieiK'e demands at least this limited degree of 
education for any woik coimcctid with.a laboratory. ^ 

Tile ai)|irenticeship couise lor college giaduates has 
many valuable advantages. It not only affords men 
trained in principles the nu'ans for rapidly acquiring 
e.xperience, but it gives the research stiiff opportunities of 
keeping voting men tinder i.bseivation for an e.xtended 
period, duiing which their pii’dihctions and strong points 
nuA' be noted. When the time arrives for" making the 
apprentice a member of the permanent staff, it is possible 
to give him the work for which he is most siiititi by apti¬ 
tude, Jiaining, and personal taste. It necfWiardly be 
added that no a[»]).*entice should be confined to a single 
department. In order that he may aiipreciate the intfir^- 
dependence of parts of an ofganization’ and obtain a 
coherent picture of tire whole, a learner»should^see the 
working of administrative, jccoanting, purchasing, en^nefer-,, 
ing, commercial, anil researcil sides of the business. Senior , 
officials of the company may with advantage ■lecture 
onf their respective activities to college apprcnticts, 
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Th(: rcjcareli depart mciit" staff slmuld not only avoid 
strjitifieation inlo graik's, hut it shoukr."void exclusiveness, 
rn:U or apparent, pie researcli department can do imich 
to tpenyeate industry* with men trained to appreciate 
scientific, nvdhod liy taking apprentices for a siiort period* 
'.as part of the'ir training', ;ind by transferring irtembers of 
its staff, if desirable, to the engineering or manufacturing * 
departments. 

Employment oi Research Workers 

It will be clear from th't above discussfion that a works 
resemch organization, while in some* respects somewhat 
complex,’cannot bo conducted with quite the rigid enforce¬ 
ment of discipline common in works dejiartments as a 
whole. While the staff of a research organization must 
coiifoim with the Works practice with regard to hours and 
conditions of working,_^considerable latitude and discretion 
must be given to the director in dealing with his staff, 
because the thinking function inseparable from resriirch 
cannot be confined to jiarticular hours. At the same 
time the appearance of privilege must be sedulously 
avoided. 

In connection with investig.ations requin d, great benefit 
accrues from tin- discussion uf details at regular conferences, 
so that the vyhole weight of experience of the staff can be 
brought to bear on any given problem. 

The chief jiroblem of the research director is to iiKiintain 
the freshness of view, enthusiasm, and keenmws of his 
staff, ancTil^therefore follows that they must not iftdy be 
engaged on work which they find intA'esting, but they 
X’Sist be freed from all preoccupation arising from insuffi¬ 
cient remunerqtitm or uiKertainty .regarding security of 
tenure, i 

^ tonsiderable discussion* has ^aken place regarding, 
methods of paying resemch workers. It has been felt 
in sdmt qinarters that effective recognition of work done 
can only be made by'means of bonus dh^he commercial 
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value pf a devploplnent. This plan of reiujineration, 
however, is totally.unsuited to the uidinai works reseiych 
organization. Work Sono is seldom the piodmt of one 
yian c.xehisixely. It is huilt up en-operatively Ijy nijjny 
•minds,eacff do ng a share, and’jt is practically impossible 
to assess the share each. Fiit-thermore.’it is mifair tcF 
' differentiate between one worker and anotlrer, equally 
capable and di'serving, one engagrd oir work wliich does 
not lead itself to commeicial exploitation, tln‘ other on a 
subjict which does. Tire research director tints compelled 
to distingrrish Iwtweett rttembefs of his staff ettgaged in 
scientific work or l»etweett rrrt admirrintralixe worker: rrrtd 
a scientific wor ker is placid in art extremely invidious and, 
indeed, irntenable position, because the internal influences 
tend to favour excessive secrecy, srtspicioti, and individual¬ 
ism where free discussion and rrnreserved co-operation are 
essential. If it is desirid to reward a resiari'h department 
for,a good result, a bonus shortld be given to the whole 
staff, to be divided at the director's discrx'tion. Prefer a.bly 
the recognition should cornrr to deserving workers through 
irrereased responsibilities and salaries. 

It may be felt that in view 'ot the character of research 
work industrial laboratories are best established away 
from the factory and its atrrrospherc. Apart from tiro 
serious disadvantages arisirrg'frorn the inability to make 
us^ of works services and srtpplies and the resulting higher 
maintenance costs, it is doubtful whether such a course 
is in the interests of research workers thernsekes'. The 
continiious aetjon and reaction between *5iTence and 
industry, thjCory rfnd jiractice, is such as to make industrial 
life a very desirable milieu for research. The proximity’ 
results in a constant .stimulus»to rescarcfi men which is 
ever providing suggestions and ideas foy further effort, 

^ and current practice to some itxtent replaces the professor, 
who guides the destinies ot the young research worker.. 
The impi/rtance of an isolated observation, often by a'mind 
untrained in t^c'science which devidbirs it, in acting as a 
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nulicus iitr sricittifir work lias alroadv keen mentioned. 

< 0 ' 

Industrial work is fd(|uently jjiaiitisecl by men of a life¬ 
time’s experience wl’o ean help enormously men who hope 
to Hid iHdnstries throfif,'h research. Indei d, the effeetiw 
^ combination of practical ifiiperiem'e and theoretical know* 
•ledge is one of the most jiressing pA-oblems in industrial ^ 
research, and the value of practical experierce in dealing 
with industrial problems can scarcely be overestimated. 

The research department is essentially a staff department 
the services of which are aiiplicable at any point in the 
organization, and which has relatively liltle res))onsibility 
for fdutine iinaluction. It is desirdble, however, that 
facilities should be given for members of the staff of other 
dipartnii nts to work out special problems in which they 
are interested, being transh rred temiiorarih', if nece.ssary, 
to the research department for this purpose. The ('oncen- 
tration of experimental work in one department need 
not mean its concentration in the hands of the normal 
research staff pro\'’ided steps are taken to maintain adequate 
records of work done, and short spells on experimental 
work act as “ refreshers for the staffs of other depart¬ 
ments. Similarly an interchange of members of the 
research staff with those of the “ line ” departments 
is desirable when it is (iracticable, particularly among 
junior men.. ^ 

Publication of the Results of Research 

The advantages gained by free internal discission are 
also to be gained in a wider sphere by^publication. ‘There 
is nothing to be lost and a great deal to fie gained by rapid 
pflblication of^the results of academic rese.arch, and it 
should be the policy of a* research rfiirector to encourage 
thf preparation of papers, which should be delivered to a 
'recognized technical siKicty qr institution, or printed in a. 
recognized tc^chnical or scientific periodical. Meticulous 
care shquld be takei^to give every worker the fullest credit 
for any suggestions due to hhn. and'the nwjority of 

t 
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fesearch workers probtibly vaiRe tla' iniviliRc of mifilishing 
their work more than aiv^ oyier advaiitnge exIeiulidtotlKjn. 

In industrial application, pnbiicati(^i ha# frequently to 
!:»■ delayed until it is coven d in a |♦ltent sp(cilica4ion,/>r, 
^1 some caS.'S, has to be perneiV'iitly withheld. In such 
cases the w’orker rt cop»ii?.es fully I fie impia taRce of avoiding,* 
*prematnre disclosure. Discontgit is only likely to arise 
when facilities for publication an‘ lefused even when they 
)j’oflld njiidt in no active barm. , 

Research Woi^ers and Patents 

The qm-stion of ^)atents is also controversial. Many 
scientific workers, particularly those outside ll»' manu¬ 
facturing industries, fi'el very keenly the policy of enfoicirg 
the assignment of jiatents to the conijiany with which 
they are associated. In practice, however, patent pro¬ 
tection is sought in a relatively small number of cases on 
toclviical grounds ahmi'. I'n'quently commercial rea.sons 
dictate the desirability of a jiatent being taken out. ,In 
others, the proti'ction is a pure speculation which does not 
even yield the fees involved. Most jiatents are of com¬ 
paratively little value except t(* an existing manufacturing 
organization. 

The patent actually arises out of the research worker’s 
employment and is due to ojlpoitunities which occur in 
thc^performance of dutii s for which he is (laid. To main¬ 
tain continuity, a company must retain the right to 
use, even to use exclusively, patents taken ouk bj' em¬ 
ployees irresiMcJive of the linaniial arrangesrCfits made 
between tin; eompaiiy and the inventor. It has been 
shown by expinience that where a c.omjiany does nat, 
consider a proposal for protection worth pursuing, the 
employee seldom exercises his option to take out the 
^patent on his own behalf.. This is jiartly due to lack of • 
interest in commercial application, partly tir the specula- . 
tivc chariJcter of a patent, which may fail for Various 
reasons even whcM technically sound. 
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nic'difficulty (if a])p()rtl()ning crcJdit on collective work 
also applies o/i iiateiit questions as* with remuneration 
Reward for |)ateiits is, therefoi*e, Jtrohably best given^and 
will ])robably be bf-st^ ap])reciatid in the form of a salary 
in'rease. The returns oii'inany patents are t*D intangibly' 

« remote or dkippointing to make royalties piipular. In 
cases of a strikingly successful specification due to ono» 
worker or a small group'of associated workers, a rcyally 
payment may be arranged to the mutual satisfaction of 
the parties concerih d. The name or names of tfui invent(ir 
shmdd always be assoi ia/cd with that (;f the company in 
the specification, so that credit is .given to the actual 
inveutoi;. 

Research Director 

The director of a resc'arch organization requires not 
otdy the ciualities of a research worker, but those 
of an aclministrato'r. Scientific training of a high 
order should bj combineil with considerable practical 
experience of the industry concerned, preferably in its 
commercial, technical, and nwnufacturing aspects. He 
must have a wide knowledge of men, be tactful in handling 
them, and able to inspire them with enthusiasm he himself 
must feel. He must be primarily a leader. In no way 
will his capacity be more demonstrated than in thenuinncr 
in which lie attracts and retains the services of table 
nten. 

The problem of a research organization is to (Atain and 
direct tl»«4)cst available men to the problems confronting 
it, and the organization is merely the,method adopted to 
ijecure the most suitable man for a given 'investigation, 
to shield him from other; work until it is completed, and 
finally to cnstt-e'lhat the proper u'S; is made of the results 
, av'hitved. More than in .any other branch of industrial 
work the difficulties of a revreardii ofganization are thosfe 
ass(,'ck'.ted with Selecting, training, retaining and directing 
the ptvsonnel. 
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INTERN4TIONALIZATION*OF RESEARCH 

Two Umcfciirios h;A’o hocn abuiidaiilly manifested < 
within the last few years. The lirst is the steady progress 
in all industrial countries towards recognition of the 
iyiphrtaini; of research, followc d by provision from national, 
local and private f\mds for its pursuit under proper con¬ 
ditions ; the secofld is the association of research workers 
in different countrie? into an international movement'for 
the advance of scientific work unhampered by restricting 
influences arising from differences in race and language. 
Science is not national, and the free i)ublication of scientific 
memoirs places all workers in all countries oir the same 
level. Any restri<tion on such ]niblication would be 
fataUto the progress of science. Ojre country nuiy betray 
less enterprise tbarr another in secuiiifg the ccononfic 
advantages accruing from the ap])licution of discoveries, 
whether its own or those of others, to its imlustrial arts ; 
attention has been repeatidly drawn to the efficient 
industries of Ger rtrariy, buttressed by science, while Great 
Britain, with an even rnorr' distirrguisln.d record in dis¬ 
covery, neglected the applii'atiorrs. In the, dr^signedly 
briiu notes given below some indication is given of the 
priircipal research irrstitrrtiorrs in the leading industrial 
countries classified, for purposes of ready coufirarison, 
under 4hc headings adopted for research 4^ncies in 
Chapter III., * 

NATIONAL RESEARCg INSTITUTIONS' ‘ 
Great Britain ' ' * * , 

In this country, apart fiiom tire work which has tedh • 
"developed at the NStional Iliysical Laboratory, the ten¬ 
dency has been to avoid the establishment of Goverlfnffent- 
coiftrolled laboraterics except those rrlftntained for Routine 
• . * « 177 
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testing arising out of the "operation of various J^cts of 
Parliament relating ^0 customs, ^mse, food, drugs, and 
the like. SucJi research work as has been deemed nices- 
sary har been encouraged at the universities, or at private^ 
endowed institutions which have become 'national iit 
I character. EVen in the'most recent developments associ¬ 
ated with the Depart m(;nt of Scientific and Industrial* 
Research existing machinery is used as far as possible, and 
in the new Research Associations Government control 
is slight. 

The research recognizEd as worthy of encouragement 
from national funds or required ftir public purposes, 
performed at universities and other suitable laboratories, 
has been subsidized or paid for by the Government De¬ 
partment directly concerned. Thus the Rothamsted 
Experimental Station has conducted very valuable agri¬ 
cultural research. Jhis tendency to make use of existing 
institutions rather than to create fresh laboratories is very 
desirable, and sh' nild l>e borne in mind in comparing British 
witli American and German practice. The Department 
of .Senentilic and Industrial Research is jnirely adminis¬ 
trative, acting as the oflicial department for the Advisory 
Council, which encourages individual workers with grants 
and aids research associaiions. The action of the British 
Government in founding tlie Imperial Trust has been very 
widely followed by the Dominions and also by so nib of 
the Allies. 

■the thief contribution to new institutioivi has been 
the laboJitories of the Fuel Re.search Board,, which, 
in pursuing its policy of investigatif'g British fuel re- 
osources and their proper exploitation, has established 
a Fuel Research Station adjacent ti> tlie East Greenwich 
Gas Works of "the South Metropolitan Gas Company. The 
area leased is about five? acres, one acre of which will 
be occupied4)y the laboratory buildings, a complete account 
of Svliich, with plans and photographs, is giVen in the 
Report of the Fuel "Research Board for 1918-19. 




'sATioNAC Lamp Works, General Electric 
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NatioSai, Physical Lavorator'/. The National 
Physical llaborartory ,was founded iit 1901 at Bushey 
House, Teddington, largely throi/gh'lhe energetic activity 
of "a few members I'i t,he Royal Society, and for many 
years was conducted by an Executive Committee Rominated , 
by the Society. . Prior to the war it had an annual i.nco’me of 
;(^0,000, of which three-fourths was earned in fees paid— 
chiefly by Government departments and industrial firms— 
for work done on their behalf. The Treasury granted 
£2,000 of thi' remaining sum, which was made up by dona-' 
tions or grants from industrial concerns, scientific societies, 
and o)her bcdii's interested in furtheriiig the work of the 
laboratory, either generally or in connection with specific 
researches. Since its foundation the laboratory has 
grown continuously, and to accommodate the work of the 
various departments which have grown, not only in size 
and staff, but also in number, considerable extensions 
have been undertaken. The buildings are in no way 
pretentious. 

Since tln^ foundation of the Departnii’iit of Scientific 
and Industrial Research and the establishment of the 
Imperial Trust, the property and income of the laboratory 
has been in the charge of the Imperial Trust. The scien¬ 
tific control of the laboratory is still exercised by an 
c.xccutive committee appointed by a General Board 
containing refircsentatives of all the great scientific asjd 
technical institutions and Government departments. For 
purposes of administration the executive committee is 
considered-1:^’ the Department of Scientific and Industrial 
Research as a Research Board, the lu<jc*tions of which 
are, referred to in Chapter III, and the com'mittee was 
appointed a Rest arch Board in order that the Department 
might assume fenilncial responsibility ‘for the laboratory 
jviHioilt Interfering with its scientific'direction. 

The laborsytory is under <he kdministrativc control 
of a Ok'ector, assisted by Superintendents of the great 
departnwnts. Physics, including Heat, uOptics, Sound, 




Fig. 22. Research LabiJratory, General Electric Co., Schenectady, U.S.A. 
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X-Rays ‘and Tide Prediction ; EleAricity ; Metrology ; 

Engineering, inoluding Aerodynamics*; Metallurgy and 

Metallurgical Chemistry ; and tHe I^ational Tank. E!y;h 

department has a fiuuiber of principal assistants, and 

other grades of senior and junior assistants,^observers , 

end skilled woikers. < 

, < 

The main work of the laboratory comprises the measure¬ 
ment and determination of standards, the commercial 
testing of instruments and appliances for which an N.P.E. 
certificate is required, and in the conduct of researches* 
in pure and applied sciense. The comiqercial testing is 
mainly done at the request of and paifl for by industrial 
firms, whjle the research frequently arises out of require¬ 
ments expressed by various technical institutions and 
other represent at iv<- bodic's. 

The work of the laboratory increased enormouslv 
during the war, the staff and income expanding proportion¬ 
ately. Dining the year 1917-18 the income was nearly 
£104,000, the stafj increasctl to 532, the salaries totalling 
£78,(KK). During 1919-20 the I'xpenditure was £153,0(M), 
of which one-third was provided from testing fees. 

Davy-Faraday Laboratory, Royal Institution. 
The Royal Institution, established by Royal Charter in 
1800, has maintained research professorships for many 
years in various branches ofn natural science. The Davy- 
Faraday Ddtoratory, named after two famous workftrs 
at the Royal Institution, was endowed by Dr. Ludwig 
Mond,<and the present distinguished Director is Sir James 
Dewar. 

Woolwich Arsenal Research Laporatory. The 
Research Department at Woolwich is controlled by the 
Army OrtlnancA Board, apd is not connected with the 
manufactiu-ing J.dtpaitments 'in tHe" Arsenal grounds. 
,Whilemational in the sense that it is'supported by national 
funds the wojk done is exclusively thUt required by the 
Arm)! Ordnance Board, and resembles that of an.ordinary 
industrial research laboratory, covering two chief branchec, 
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exploMves and nietaW, the lat/lr including X-rays,•physical 
testing and metallurgy. Some confusion, arise! from the 
fact that a part of f he A-s«nal, originally a Royal Laborafory 
for mixing gunpowder, and now a,manufacturing depart- 
^ment, is sikill known as the Royal Laboratory, ft has* no 
connectiofi with the Research ]\'partinent,,but carries on 
metallurgical work arising from its normal manufacturing 
work. . * 

J)epartment of the Government Chemist. This 
•Departihcmt is mainly concerned with routine tests and 
investigations required in congection with customs and 
excise, Governmen^storcs, and with various .\cts concerned 
with food, drugs, fertilizers, etc. Investigations are carried 
on for s’arious Government departments and enquiries 

arising in connection with Parliamentary Committees 

and Royal (amimissions arc dealt with. A number of 

provincial laboratories exist for custmus and excise work. 
The staff numbd's about 1311. 

fiENERAi. Post Office Enginkerino Dept. The ad¬ 
vance (f the telephonic and tclegiapfiic arts in Great 
Britain is largely directed by the Research Section pf the 
G.P.O. Engineering Dept. 


Canada 

Jn June, 1916, the Dominion Government iStablishcd by 
Order in Council a Committee of the Privy Council, con¬ 
sisting of six responsible Ministers, to be responsible,fur all 
funds jirovided by Parliament lor the promo^ai of scien¬ 
tific and industrial rest arch. At the same time an Honor¬ 
ary Advisoly Committee, representing scientific and in¬ 
dustrial interests, was appointed to be responsible to th*e 
Committee of the Trivy • Council. An{ Act formally 
establishing the schtflne was, passed by the Hominwn^ 
* Parliament in Au^st* 1^17. The Honorary Advisory 
Council for Scientific and Industrial Research, comprising 
efcven reprcsenfeitivcs of the sciattific, technical and 
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industrial interests of Canada, wa^ charged with the 
following‘duties— , • 

* t ^ c ' 

■ (1) To hike ? census of research agencies, Gov?rn- 

. mental, university! insHtutional, industrial,^r private* 
to tabulate the lines* of research being pursued, and* 
the man iiower engaged, and 'to co-ordinate these ^ 
lines to prevent overlapping. ^ 

(2) To acquaint themselves with technical and 
scientific problems confronting industry and to bruigi 
them into contact with research agencies ; to link 
up the resources of science with latronr and capital 
fmpiloyed in production. 

(3) r To study scientifically unused resources, and the 
waste ;ind by-products of industries. 

(4) To study ways and means of increasing the 
number of research workers. 

(5) To create a sound public opinion on research. 

To overcome tlje diffieulfy of distance, a separate com¬ 
mittee was established for British Columbia. Associate 
committees of specialists have been formed for particular 
branches of work, such as forestry, mining and metallurgy, 
and chemistry. The Council aids researches by grants 
to advanced students and Research workers. Information 
bureaux for the industries’arc being established at the 
principal cities. ^ 

The establishment of a National Research Institute 
at (Xtawa, having functions similar to those of the National 
Physical i,iiboratory or the Bureau of Standards, is in 
active progress. A Parliamentary Coeimittee reported 
strongly in its favour in 1919, and its recommendation 
has been adopted by the, Canadian House of Commons. 
The cost of bulldhig is estimated at $600,000. Tire plan 
,by which research for industry will be fostered is that 
of providing laboratory accofnmoclatiftn and supplies for 
assoesatfons of firms desiring to undertake cooperative 
research! 
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■ Forest Products ’ L^oratoAes. Laboratories for 
tlie stuJly of.forest wealth, planned on the lines of the 
Ij.S.A. Forest Products I-aboS-atcfries at Wisconsin,.were 
established in 1915, by the Dominion Government at 
iCicGilf Ihiiveisily. The Forestry Brancl» is aided jp 
directing tlK‘ laboratories by an^ Advisory .Committee. 

The annual vote is £12,000. 

• 

Australia 

In March, 1916, the Commonwealth Government estajr- 
lishtd the Advisoiy Council of Science and Industry to 
further proposals for a permane>nt Ifistitute of Science 
and Industry. The functions it exercises are very similar 
to thos'e outlined abo\’e for Canada. A large number of 
special committees sit in connection with questions of 
industrial interest, some of which are ])ernianent. The 
Institute will be a corjiorate body, but conducted by the 
Minister for Trade.find Customs, and responsible to Par¬ 
liament, which will make the necessary appropriations, 
ifnd the bill authorizing the foundation of the Institute 
is now being passed. 

1*110 proposals with regard to the Institute are that it 
should be ea-ntrolled by three highly qualified salaried 
Directors, comprising a financial expert, and two scientific 
men ; and that an Advisory Council should-bc formed for 
each State; to advise the Directors re'garding the ,work 
of the Institute. The work will include standardiziition, 
a bureau of infeirmation, and research in agriculture, 
mining, metallurgy and manufactures. Fite national 
laboratories arc to be established for Wie work,* one for 
industrial standards relating to mat?rials ^nd measure¬ 
ment, one for ^technological research in industrial chemistry 
and metallurgy^ and the re,maindfr.for plant and animal 
industry andWest products. , 

New Zealand 

TIki' Government has passed a National Efficiency Act, 
establishing a Boird, one oj the du^cs of which is to 
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enquire mto the necessity for,*scientific research‘with 
respect to the maintenance, development andistandardiza- 
tion of^industries, and*a sflierfte has now been recommended 
to the Government for adoption. U firovides for the 
es^pblishmentoof'a Board of Scieia-e and Industry, witli a 
Minister of ^icionce an^ Industry tas ('liairman, for the 
iwrpose of encouraging and ro i rdinating scientific and 
industrial research in the Domiiuon. The Board would 
hold iunds in trust, and it is proposed that the Dominion 
Pafliament* should vote a sum of not less than £100,000 
for the first five ,j'c>ftrs. laical ^Committees would be 
formed to (leal with,the Board on subjects concernipg 
its activities. 

South Africa 

In October, 1916, the South African GowrnuK'nt appointed 
in Industries Advisory Board of industrial anil commercial 
men and representatives of labour. In February, 1917, 

the Board advisid the formation i.f a Scientific and Tech- 

$ • 

ideal Advisory Committee to deal with research and 
technical matters referred to it by the Board. A Committee 
of ten was constituted by the Guvernment, the functions 
being similar to those outlined above for Canada, involving 
co-ordination of research, survey of economic resources, 
encouragement of co-operative action in research, stand- 
ardizitliun, educational work and collection of data from 
all sources. The Industrie's Advisory Board and the 
Scientific and Technical Comnuttee have now amalgamaieri 

as the Advisory Beard of Industry and Science. 

• • 

India 

The chiefs of the great scientific and technical depart¬ 
ments of the Governnltrft of India, agricuHufal, forestry, 
geological, etc., fiirm a Board of ^ientiHc Advice ithich. 
tef some extent co-ordinsftes the research cai|ied on in 
these departments. The Government has approved of 
the recommendafiott of the Indian Indfctrial Commission 
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that‘an Iiripwial Department of Industries should be 
ptablished ajs a separate department of the Government, 
and a Boar^ of Industries arid Munitions is preparing the 
way for the permanent department. ^ 

Tile Chemical Servirt's Committee has ‘/ecommended 
th(“ establishment of -an Indian Chemical bervice, and 
further suggests the foundation of a Central Researcfi 
Institute at Dehra Dun, and of prorincial research in¬ 
stitutes under the control of the liK'al governmentn, the 
activities of which would be co-ordinated by the Central 
Institute. 

Ignited States of America 

' Bureau of Stanparus. The Bureau of Standards 
was establislud by Act of Congress in 1901, and now 
occupies an area of 18 acres of land at Washington, the 
total cost of land, buildings and equiinneiit being about 
£285,000. The annual expenditiue is about £125,000, 
}he staff beingjibout 406, tliree-fourths being scientilically 
trained. The Bunau undertakes all work in connection 
with till’ development and comjiarison of standards of all 
kinds, including length, t Une, mass, quality and iX'rformance, 
and the determination of physical constants, which is 
done through seven main divisions, weights and measures ; 
thermometry ; pyrometry and heat ; electricity ; optics ; 
chemistry'; metallurgy and structural materials.* The 
Bureau is of great assistance to industrial concerns, Govern¬ 
ment and educational institutions, to the rcserych of which 
its woi4:vs fundamental, and issues various pujrlications 
embodying the results of its work in the form of scientific 
reports, technological papers and popular circulars. 

Bureau of Mines. ^This branch of the Department 
of the Interfoi^was established m l910, to improve and 
rertder less wastkul the extraition and utilization of 
mineral products, and to safegdard* those working in tffe 
minWg industries. Its headquarters are at* Pittsburgh, 
the appropriation 1'or these being £1{H1^000, and there are 
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Fig. 24. • Research Laboratory, Westinghous^* 
, Electric anj) Manufacturing Co., XJ.S.A. ^ 
IBfeemeft and First Floor ' 
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five (fiyisions: mining ; mttallurgical; mineral technology ; 

/uels and nfiineral technology ; 'petroleum and natimal 
gases; and chpnical research. Considerable werk is 
/ionOpin co-operatidn with State bodies, universities ^nd 
firms. The Bureau proposes to maintain experiment *id 
safety stafions in mining areasv It publishes reports, 
bulletins and circulars similarly to the Bureau of Standarrfe. 

Department of Agriculture. The interest of the 
Federal Govenpnent in agriculture dates , from TTO, 
and the Department was founded in 1862, to acquire and 
disseminate informatidn relating to agriculture and to 
distribute seeds and plants. It now controls the Weather 
Bureau and Forest Service, and administers legal regu¬ 
lations relating to foods and drugs, etc. About 15,000 
people are employed, and the expenditure in 1915 was 
over five million pounds. Two thousand are engaged in 
investigation and research. The work is done in seventeen < 
main di\isions, and icsearch was not until recent years 
clearly differeiitiatcd ftoin other work. Now, however, 
it is sejiarate from the regulation and routine work and the 
edlieational work, and is determined by an Advisory 
Committee of heads of'departments. 

Tile Morrill Art, 1862, granted each State an area of 
land, the proceeds of ,the sale of which went to form a 
fund for the purpose of eitdowing a college to teach branches 
of learning related to agiiculture and the inechaniL arts. 
This provision was increased in 1890, and again in 1908 
by' further Acts, all of which are administered by the 
Board* br' Education. In 1914 there, were 69t of thesq, 
" land-grant ” colleges, owning property valued at over 
i32 million pounds, and having an income of nearly seven 
million pounds. An Act of 18^ provided for an Agri- 
cultijral EXperiinent Station to be attached to each 
land-grant college, the work of which is co-ordinated by 
the Depaatment of Agriculture Ihrough an Office of 
Ebepferiment Stations. 

The Forest SeiS^ice of the. Depart mfcqt of Agriculture is 
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responsive for administering* and protecting Rational 

forests, and one of, the. three divisions is‘the Rescariii 
Branch, established in l91^, which conjjucts,sylvicultural 
investigations at eight Forest Exfierimental Si^itionv, 
and various*other economic an^ statistical studies, and 
which is responsible her the Foreilt Prcelucts* Laboratory, 
Established in 1910, at Madison, which required £30,000 
to build and costs £28*000 per annum to maintain. In 
this’laboi^ajory studies are made of tynber and all its 
products, with a view to obtaining data relating to mechani¬ 
cal and physical «propcrtics, to‘prevent waste, and to 
conserve timber rc*)urces. There is full co-operation 
with the wood using industries. The staff numbers 
about 100, about half of whom are technically trained. 

National Research Council. The co-ordination of 
research woik and research agencies in the United States 
is undertakin by the National Research Council, to the 
activities of which reference is made below. 

France 

The Chamber of Deputies has ado|)t(d a Bill esfab- 
lisliing a Department of Scienfflic, Industrial and Agii- 
cultural Research and Inventions in the Ministry of Pub¬ 
lic Instruction. The otrjcct of this (hpartment will be 
to co-ordinate and encourage ^ire and applied research. 
The eontrol will be vest( d in a Council of 70 or 80 members, 
nominated by the Senate, Chamber of Deputies, Academic 
ties Sciences, and other scientific, technical and labAir 
organizryions an;J Government departments,* fnd the 
Council will eject ilh E.xeeutive Council of nine mcmbiTS 
appointed for a year at a time. The Minister for Publia* 
Instruction will appoint^a Directar as a permanent officer 
of the E.xeeutive Committee. The worl^ of tlfc department 
follows the lines already adoptcM by tlie British scheme,* 
and it will absorb the functions of the existing Board of 
Scientific afid Industrial Research and Inventions.* The 
Miifistry of Publij^fnstruction has also /tjunded an Ir&titute 

• » ’ 
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/or PUrc and Applied Optks in Paris to assist thg optical 
industries in Ikance, • 

Conservatoire des Arts Ei Metiers. This laboratory 
was based on the (jersian laboratory at Grosse Lichterfeide, 
but an autliority no less'than M. H. Le Chatelier state# 
that it has deviated from its original aim, and that in spite 
of Government grants, it does not conduct investigations* 
of general fundamental value. The Academic des Sciences 
recently formc^d a Commission to consider the question 
of ways and means to employ in the establishment, among 
other things, a natioi.al laboratory,, of physics and 
mevhanics. The laboratory of tho Conservatoire des 
Arts et, Metiers has an annual income of about £10,000, 
otte-half of which comes from the Government. 

Inuo-China. At the end of 1918 the Governor-General 
created a scientific institute at Saigon for thfc investigation, 
development and exploitation of the produce of soil and 
waterways of Indo-Thina. 

drermany 

A chaiiuTeristic feature of German research institutions 
is the extent to which they are specialized to mi'et the needs 
of one trade or industry. The funds for their support are 
drawn frequently froin all sources, imperial and state 
grants, industrial associations and private donations, 
and this renders decision as to whether an institutian is 
privately or state endowed very difficult to make. Fur- 
tln'rMiore, new research institutions are frequqptly founded 
on existing premises at a high school or technical college. 

Aeronautical Investigation Dept., Berlin. This 
,j»stitution was founded in 1912 by the Imperial and State 
authorities ahd interestpd firms, and supported chiefly 
by imperud .aUd'state grants. Its aim is to further aviation 
in Germany, andsectionsvoxist for motor testing, propeller 
testing, aeroplane testing and aeronautical research, 
instrkment testing and material testing. During the war 
it maKufactm-ed flying matepal and maintained a testing 
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course ht Schonefeld. 'th^technical staff numbers about 
30^ and the remainder of the pcisonnel about 85. Its 
income and expenditure for 181748 amounted to about 
Mk44S,000. ' ' , 

MatekialprufOngsamt-Grosse Lich/terfelde, 

• Founded originally in 18/0 as the I^oyal Prussian Experi¬ 
ment Centre, the present institution was built duringi 
1901-04, at a cost of 66 million ■ marks. It forms the 
materials testing laboratory of the Technical High School 
at Chailottenbmg'and undertakes scientific investigation's 
into the properties of materials and tfjeir improvement. 
Mat);rial testing is carried out for payurent. The principal 
sections^ are for testing of metals, building materials, 
librsms materials, metallurgy, general chemistry, oils 
and other fluids, rubber. Of the staff of 229 workers, 
75 are ac'admnically trained. In 1913 the institution spent 
Mk646,000 and received Mk268,000. The ground area 
is about 120 acres* of which about 3 acres are covered 
with buildings. _ Tile relations of the institution with 
manufacturers and tluir associations are very close and 
cordial. 

Physikalisch-Technische Reichsanstalt, Berlin. 
This well known institution, the precursor of the great 
national standardizing institutions, was founded in 1887 
at the instigation of Wernher von Siemens’. It conducts 
research in 'pure and applied physics for the solution of 
important problems, and is the standardization centre 
for» Germany. The principal sections are for optics, 
electricity ^ind heat. The institution controls various 
testing centres throughout Germany fijr electrical' appar¬ 
atus, and glassware, etc. Its general woVk is analo¬ 
gous to that of the National Physical Laboratory. In 
1919 the staff juftibered 160. In ISIS the expenditure was 
, Mk7C4,'000, and receipts >^93,000.' It may be noted that 
the highest authority for weights aid measures is the' 
Imperial Weights and Measures Office, Charlotteaburg. 
Govsbnment Heklth Officb. ThiSbOffice, supported 
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by th^'State, is an,in)porta«it connecting linlj between 

pure science and public^life in so far ais it applies the resjjlts 
of fesearch-in medicine, ffiology, ctc.,^to practical uses in 
sanitation and veterinary work. 'She staff numljers oj’cr 
»150. An Institute for Industrial^Hygiene was also foynded 
in 1908 by private enterprise, fo cover the whole field* 
► of industrial hygieire and accident prevention. 

Government Telegraph Experiment Office. The 
technical advance of the telegraph and telephone services 
*s in the hands of this office, founded in 1888 as the Tele¬ 
graph Engineers* Office of the* Government Post Office. 
The staff numbers Rbout 100. • 

Institute for Lignite Research. Tliis .institute 
is in process of foundation at Freiburg by the King¬ 
dom of Saxony. It aims at carrying out experimental 
work in lignite and its products, and their value and 
use. 

^DiuM Institute. Saxony also established in 1911, 
at Freiburg, an institute for reseaich agd instruction, in 
and testing of radium and radio-activity. The radio¬ 
activity of certain waters, stones and minerals is 
investigated. • 

Ceramic Laboratory of the Royal Manufactory, 
Berlin. This laboratory, formed in 1878 for porcelain 
manufacture, had Seger for ifc first director. It aids ail 
brtiiches of the ceramic industry, both by kientific in¬ 
vestigation and by study of existing materials and processes 
of the industry. Several other centres for ceramic research 
also ejist. ^ * * 

Bavarian Inwistrial Laboratory. At Nuremburg 
a remarkable laboratory exists, subsidized largely by yut 
State of Bavaria, and having an,income of bver Mk450,000 
per annum. It poss«ses chemical, mtcHanical testing, 
and electrotechnical labo^tosies, etc., for the pufpose • 
*of performing tesfs %nd Investigations for industry. 
Branches ‘of this laboratory have been founded at 
Adgsburg, Bay^th, and elsewhere.*, • 
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Austria, 

fHOTOCRAPHIC AND PRINTING RESEARCH INSTITUTION. 
Tlie State fou'ndcd* ii^ 1888, at Vienna, and supports a 
snikll institution for the investigation of pl^otographj*, 
.photd-chemistry and all^fd subjects. Authorities; firms,* 
'or private individuals may have investigations carried 
out at fixed rates. The dquipment includes all forms of 
photographic and printing processes. 

National Technical Laboratory. This institution, 
corresponding with the J’hysikalisch-Technische Reich- 
sanstalt of Berlin, was established at Vienna in 1909, 

« r 

by the State. It is an executive branch of the Ministry 
of .Pubftc Works, and undertakes standardization, 
material testing, etc. The Director is assisted by a 
sub-committee of c.xperts nominated by the Ministry of 
Public Works. 


Italy 

* « 

The Italian Government has established a National 
Research Council, with offices at Rome, of about 40 mem¬ 
bers, representing official, scientific and industrial interests. 
The objects of the Council are similar to those of the 
analogous bodies in other countries, and its work will 
fall in seven main divisions according to the branch of 
science coveted. The Experimental Institute for Aeroi^u- 
tical Research will be carried on by the Council, but it is 
intended to make fullest use of existing institutions. 
Industried />xpcriment stations have been or are being 
established for the study of new industrial processes, the 
development of new applications and thd’ training of 
personnel for the industries. Two have been created at 
Milan for papt^r*and fats ; two at'Naples for leather and 
, ceratniJs ; and ond at R^giq Calabria for essential oils 
and perfumps. Three others at Rovigno, Milan and' 
Roifte^Vespectively, are planned for sugar, refrigeration 
and combustion pri^esses. 
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Japan 

National Laboratorti In 1917'the Japanese Govft-n- 
meJit was empowered to grant a sum»excefding £200,000, 
payable in instalments over a period of ten years, totstabbsh 
•a natisnal^aboratory for scientific and industrial reiearch, 
at Tokio, to apply mCdern methods to Japanese industries.* 
The Imperial Household granted £100,000, and through 
further donations a sum considerably exceeding half a 
^nfllion sterling is available. The principal work will be 
done in electricity, chemistry, eleptro-chemistry, mechanical 
engineering and RietaUurgy. The control will be exercised 
by a General Council of 50, ten being managing directors 
and four business managers. The organization is issocijited 
with the Department of Agriculture and Commerce, and, 
until laboratories can be built, the new institution will have 
accommedation in the universities of Tokio, Kyoto and 
Sendai. 

PRIVATELY-ENDOWED INSTITUTIONS 
Great Britain . 

Rothamsted Experiment^ Station. The original 
laboratory was founded some 70 years ago by Sir Benjamin 
Lawes, a Hertfordshire landowner, who was assisted by 
Gilbert. These were pioncet workers in ^ agricultural 
research, and Lawes left a considerable sum of money 
for the endowment of the laboratory. The buddings 
have been extended several times. * * 

ThCglaboratoiy undertakes investigations ^f *a purely 
general char|cter effecting the growth of crops. Some fields 
have been watched for over 40 years, and this enables 
influence of the innumerable# variables‘affecting crop 
production to be estimated. Prior to, the ^ar th(;labora- 
,^tory had about 80 hi|h clas* research workers. THis* 
Experiment Station has served as a model <or ai^ogous 
institutions in many parts of the world. * 

Lister iNsrgVTE. This Institute founded Ih 1892, 
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was intended primarily for* the study of rabies and in¬ 
vestigation of diseases of animals Eui<f ipen with a view to 
their prevcnticvi ratjier than cine. In this way, by deter- 
niioing end eliminatillg causes, maladies due to ratie^ 
hydrophobia, Malta fcvei;, scurvy, tetanus, tr?nch, fever,* 
Jiave been cnortnously decreased and in some cases'abolished. 
Its work is analogous to tjiat of the Pasteur Institute in 
Paris. 

Nationat, Radium Institute. This Instityte Was 
founded for the purpose of undertaking research on radium 
and of developing its applications to medicine, and works 
in conjunction with a hospital in whiiSi practical tests on 

• suitable eases can be conductid. 

New Zealand 

The trustees of the estate of Thomas Cawthorn, broadly 
interpreting his will, have decided to erect at Nelson a 
research institute, under the advice of an honorary advisory 
board of scientific men. I’he work will be both technical 
and scientific and will relate to the industries of the Domin¬ 
ion. “The sum of £240,000 is available for founding and 
endowing the institute. ' 

United States 

National Research CoifNCiL. In April, 1916, immedi¬ 
ately prior to America's declaration of war on Germdny, 
the National Academy of Sciences, founded in 1863, offered 
its i^!I^/ices to the President, and was immediat(;ly asked to 
organize •tin- researeh .agencies of the country. In. Sep¬ 
tember, 1916, the National Research Cruncil was formed, 
jfcjederation of governmental, educational, privately en¬ 
dowed and indiliitrial reseivch agencies. This development 
corresponds wAh*the Advisory Council for Scientific and 

• Industrial Research in Great Britain, but while the Govern¬ 
ment departments have representatives in the National* 
ReseaiVh Council, it has no official character.' In efiect, 
the scientific societies and tvodies of the United States 
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have oi'gjnizcd their researoh activities and have f^erated 

to, give the fuKest means of co-opeftiting in the promul¬ 
gation of research. It is thorfiughly representative. ,and 
strongly opposes centralized control or direction of research. 
It was provided with offices and permanent staff an4 

• funds by having the resources of thf^Engineering Founda¬ 
tion, a body founded ^by the principal engineering* 
societies, placed at its disposal. 

Smithsonian Institution. Tliis Institution at Wash¬ 
ington was founded in 1846, with a fund of £100,000, 
to increase and diffusO knowledge. It makes grants 
to nescarch workers and initiates saientific projects, in 
which it, acts in a semi-official capacity in administering 
many such projects now supported publicly. 

Carnegie Institution, Washington. Founded by 
Carnegie in 1902 by a gift of bonds of value two million 
pounds, which wasjater more than doubled, the present 
income of this Institution is £220,000. It encourages 
re.search and discovery and their application in a most 
liberal manner, by providing facilities for research work, 
by assisting workers, and by producing books. The 
administration is entirely* separate from sections for re¬ 
search and publication. There are research laboratories 
for experimental evolution, botany, embryology, marine 
biology, nutrition, terrestriaj magnetism, geophysics, meri¬ 
dional asti’onomy, Armenian history, economics land 
solar physics. 

Rockefeller Institute, New York. Thij institution 
for mcdfcai research, especially the treatment and pre¬ 
vention of disease, was endowed in 1901 by J. D. Rockefeller. 
ia.l907 the endowment had reached £700,000W buildings, 
and £2,100,000 for maintenance, in addition to large sums 
for specific pulpdses. 

, • There is a Board of Tmsteps aVid an Advisory Board 
of scientific .directors, and'a G^ne/al Manager relieves' 
the ■ Director and scientific staff of all administrative 
duties, n 
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R£S]|axch Corporation. Xhis corporation was founded 
in 1912 to operate the^ Cottrell patents for the electrical 
precipitation of suspended particles, and to apply any 
profits arising therefrom to the advancement of scientific 
research. Dr. Cottrell, now Director of the Bureau of 
Mines, had the intention of m^ing past ^liscovery the* 
• parent of future advance. The assets of the corporation* 
in 1917 were over $200,000, and Fellowships are offered 

of annual value of $2,500 to prosecute research. 

• • • • 

France 

LTnstitut Pasieur. This institution was erected 
by admirers of Pasteur, for the purpose of furtlcering his 
work. It has an income of £40,000 per annum. About 
twenty research laboratories and their staffs arc supported 
out of its revenue, together with a hospital receiving 1,500 
patients per annum. Depots for the preparation of serum, 
supplied gratis to the medical profession, and four branches 
of the institute in France and the colonies^are also proviejed 
for. 

Comite Central wes Houillieres. Founded twelve 
years ago to promote investigations into safety in mines, 
these laboratories have an income of £4,000, and buildings 
cost £20,000. There is a staff of fom engineers and chemists 
with other workers. The work of this body, formed with 
tha express purpose of assisting an industry directly, is 
illustrative of the gain accruihg to science as a whole, as 
much valuable work has been published on combustion 
of gaees and properties of explosives of a p'rrelji theoretical 
character but necsBsary to the elucidation of the main issue. 

Germany 

Kaiser Wu.HELM*GfesELLScH^. TWs^lerman society 
for the promotion of ^cic^tifir; work "was founded? on the, 

’ anniversary of the terflenary of Berlin Uniyersity. It is , 
closely associated with the universities and tWclmic^ 
high schools aal also with the Obvemment. .Several 
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institurtons for the proseci^ion of iicntific research have 
been buSt and endowed in various parts of Germany, 
directed by scientific men of wbrld-wide reputation. ,The 
buildings hitlierto ‘erected have cost £130,000, and there 
is* an annual income of £14,000, one-third if which i% 
provided by the State. ‘All those nipntioned boiow are at 
Dahlem, a suburb of Berlin, unless otherwise stated. 

Industrial Physiology. Founded in 1913, this 
institution deals with problems that arise in industrial 
jihysiology, and with the feeding of the nation. * 

Biology. An instiKite for Biologf' is being built, 
surpassing in magnitude all other elaboratories of the 

association. 

< 

» Chemistry. Founded in 1911 by agreement between 
the Kaiser WUhelm Gesellschaft and the Union lor the 
Progress of Chemical Experiment, and built 1911-12 
on a site provided by the Prussian Ministry of Finance. 
The institution is free to conduct any chemical rese^ch 
|he director and leading officers desire. Three sections 
are at present working dealing with applied chemistry, 
inorganic chemistry and radio-activity. The staff con¬ 
sists of about twenty, technically trained chemists. 
A council of nineteen members is responsible for admin¬ 
istration, a committee gf five, including a representative 
of the Prussian Ministr;^ of Public Instruction, acting 
as executive. The scientific work is directed by a com¬ 
mittee of twelve membbrs. The annual expenditure 
i« .Mkl20,000-150,000. The cost of buil^ngs and 
equipmeat was Mkl,100,000. , 

Physics. Founded in 1917, this institute is acces¬ 
sible to anyone engaged on research in pJiysics if the 
Board agree.' Prof. A. Einstein directed the institution 
for a time. ; ‘ ‘ ' 

. PrfYsiCAL ANd Eleqtro;Ch#mistrv. Founded in 
1911, this laboratory inve-stigatfes ftie fields of physical* 
and electro-chemistry, and carries on certaiH branches 
of applied science Mealing vjth the prat^ion of miners 
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and‘industrial workers gainst ^ngerous gasesj’aud the 
use of chemical.methods of eMmjnating agricultural 
pests. ‘ , 

Aerodynamics.- A model research centre for aero- 
dynamics was established at Gottingen in 1807. Durii^ 
the war it.was maintained almost wholly bydhe Admir¬ 
alty and War Office. In 1918 there was a staff of about* 
sixty, the income for that year being Mkl25,000. 

Oil Derivatives. A research institute for oil deriva¬ 
tives is proposed at Miilheim, under the direction bf 
Fischer. • ,, 

. Coal Research. Tlie coal research institute at 
Mtilhcim-Ruhr was founded in 1914 largely from funds 
provided by the coal industry and the town. The 
yearly appropriations are drawn from both these 
sources and from the Kaiser Wilhelm Gesellschaft. The 
institute is essentially for research for furthering know¬ 
ledge regarding coal and its best uses, and has no testing 
.office. The management is conducted by a board of 
twelve members representing science and industry. 
There is a staff of about twenty. 

Textile Research Ivstitute. Research in textiles 
was provided for in 1918 by this institute at Dresden, 
taking in its scope all t.extile fabrics including cellulose, 
bark fibres (jute, flax, hemp, ramie and new bark fibres), 
plant fibres (cotton, etc.), animal fibres (wool, hair, silk), 
and mineral fibres (asbestos). Sections exist for biology, 
chwistry-physiology, technology, and for ijublications. 
There i» staff of thirty-five. The expenditure ki the 
first year was Mkl40,000, and the anaiial income is pro- 
jrisionally fixed at Mk300,000. The Association of German 
Linen Manufacturers has established a research centre 
at Sorau, including a model farm. It was proposed to 
convert several traifting ins4;itufJions*into research institutes: 
Crefeld for jilk, Mtinchen-Gladbflch* and Reutlingen for 
cottoifc Aix-la-Chappelle for wool, and Karlsruhe for 
textile substitutes. • 
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PuLP*,AND Wood msearc# Centre. The Pfussian 
Forestry Experiment Department founded in 1913 ,a 
research centre at Efeswalde for pulp and wood chemistry, 
suj>ported by the Ministry of Agriculture aiuf the Union of 
(ierman^ pulp factories. At this centre the utilization of 
wood refust and the \|se of by-products lik^ tannin and 
cesin are investigated. Special attention is given to the 
study of the chemical decomposition of wood and research 
on tellulM^material made from pulp. 

'Institute for Colloidal Research.’ This institution, 
proposed in 1911 Jjy Ehrlich, waK founded at Frankfurt, 
through the activitits of the Neuburg Institution, and is 
supported from the same source and by privatp firms. 

It conducts research in colloids and the practical application 
of scientific research to the colloidal indu.stries. There is a 
technical staff of seven workers, and an income of Mkl3,000 
per annum approximately. 

Il(^TITUTE FOR LEATHER RESEARCH. 'Die Union of the 
German leather industry founded this experimental ccntfc 
at Freiburg in 1897, and additional aid is given by the 
Kingdom of Saxony and several other States. It conducts 
research in the materials and. methods of the leather 
industry, and holds courses of instruction for clothing 
officials of the army and navy. There is a staff of 
twenty-six. • 

TtE Bach Foundation. The services of Badi to science 
and industry were commembrated on his seventieth 
birthday by a foundation by which apparatus and equip¬ 
ment .for prosecuting research is supplied tft approved 
experimenters, the fund is administered by the Com¬ 
mittee of the Verein Deutsche Ingenieurc. The capital^ 
may be expended provided enough is left to*yieid Mkl,^ 
per annum, but the* interest’omy on thetApitali which 
in 1917 was Mk408,500,*'is<^fstributcd. ‘ Results of research ^ 
'must be published, the V.D.I.* having the op^on of acting 
as sponsor. The Foundation bears the expense' of 
Dublkation. .< 
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FuEl Technology. Ib 1917 a society was.Jounded 
ip Berlin for promoting research in •combustion processes, 
particularly the vaporization dnd burning of fuel an^ the 
transformation of^cat into mechanical work. Committees 
liave feeen formed for the different products! coal, cok#, 
peat, wood, ^combustible fluids, conjbustible gases, and for 
thermodynamics and thermo-chemistry ; prime movers f 
furnaces, etc. This society is Controlled by a board, 
comprising five to fifteen members, the president being a 
Minister of State. * 

Illuminating Ctas Research Institution. Founded 
in J906 for the purpose of aflording^practical instruction 
in gas pngincering and supply and for investigations into 
gars jiianufacture, this institution was extended in 1914. 
It is supported by the German Association of gas and water 
technologists and by the gas industry, being managed 
by a commission appointed by the association. There is 
a staff of about ten, and a yearly expenditure of Mk3Q,000. 
Xhe institution is attached to the Technical College at 
Karlsruhe, on a site presented by the town, and includes 
a distillation plant in addition to laboratories. 

Of other institutions in Germany supported by associated 
industrial interests, aided by the State, for conducting 
research required by industry, the following deserve 
mention. The fermentation and starch trades formed an 
investigatibn centre in Berlin in 1874, and this* has 
continuously expanded. It is supported by a number 
of ngricultural and manufacturers associations,^nd training 
courses'orc.conducted for brewing and distilling engineers. 
The staff numbers ninety-three officer!* and the buildings 
jure attached to the Agricultural College. Xlso attached 
to the Agricidtural College is an institute for the sugar 
industry, built hi 1903, but origm^ly founded in 1867. 
ThffuAions in the b'eet sugar ipflustl-y support the institute, 
but the buil^ngs and site Belong to*the State. Training 
co»lts*s for workers in the industry are conducted, together 
with ejperimental ^ork in cljeihistry, physics and biolbgy 
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applied to the industry, third laboratory attdbhed to 
the Agricultural Cpllege is that 'fcr cereals and flour, 
founded by the Flour Millers’* Syndidhte, with the aid of 
the State, in* 189&, and with new buildings completed in 
i907. ' The Association for the Cultivation of Moorj, 
founded in ^883, devclUped a Tecljnical Sectfon'in 1911, 
to conduct experimental work in peat. This work is als^ 
very heavily State-subsidized. - In 1908 the German 
Structmal Ironwork Association founded an cxpcrimsntal 
centre for testing and research on structural members. 
The annual expenditure-is Mk3,000 to ^k5,000. 

Austria ^ 

Stea'm and Heating Research Institution. An 

f • 

institute was established in 1907 at Vienna by a Boiler 
Insurance association, with the consent and support 
(Kr. 5,000 per annum) of the Ministry of Public Works. It 
is directed by a coTnmittoc of Government representatives 
and the association’s offleers, and undertakes investigations, 
Experiments and tests on steam and heating technology. 

Belgium 

Fondations Solvay. ' These laboratories, founded by 
Solvay, to whom was due the Solvay process for making 
soda, arc situated in the Parc Leopold at. Brussels. The 
Institut de Physiologic ‘was founded in 1892, and the 
Inst'tut de Sociologie in 1901, with which was associated 
in 1903 L’Ecole Superieure de Commerce. The Institut 
dE Physique for research on the ultimate, constitution 
of matter -was founded in 1910, with an endowment of 
one million francs to be spent in* thirty years, not 
•i^ore than one-third to be employed for administration. 
The foundation of an Institute ^of Chemistry is under 
consideration. 

Italy 

Maritime Laboratories, The German zoologist Dohon, 
strucl^by the zocdogical v^pahh of tlje Bay of Naples. 



INTERNATIOnAIZATION t)F RESEARCH 209. 

. . • 

foundcc^a centre for tlje study of fauna, supported*by the 

City of Naples and vapous governiflents.* The staff of 
fifty.carries out many important scienyfic ipvestigations. 
TJie annual income is £8,000. 

fienmark 

*. • 

^ The Danish brewer Jacobsen amassed a fortune through ' 
his appreciation of Pjisteur’s work applied to brewing, 
and^on his death he bequeathed his brewery to the Carlsbcrg 
KoundatiM, the profits being devoted tS the maintenance 
of a research laboratory. • 

UNIVERSITIES 

All universities conduct research in some fortn, and 
those—the large majority—which have faculties of pure 
and applied science carry on research in both these fields. 
Some have or have had special schools founded by a pro¬ 
minent worker who has occupied the professorial chair. 
The modern universities that have grown in great industrial 
centres, largely financed by local and n:itioiial funds, afe 
naturally very closely associated with predominant local 
industries. There are also some prominent technical 
schools and university colleges \Wiich, while not possessing 
university rank, carry on valuable research work. 

The universities of Birmingham, Durham, Manchester, 
Liverpool and Sheffield, for instance, reflect locjil interests. 
As #xamples of special schools, may be mentioned the 
Department of Glass Technology, at Sheffield Uni¬ 
versity, and the Central Technical School for Potter/at 
, Stoke-op-Trent. , ’ * 

At some .^merictin universities the work of the Ex¬ 
periment Stations attached to the universities, such as the" 
Engineering Experiment, Statiqn r,t Illinois^ hjivc conducted 
work of great value. The Mellon Ins^itute’of IniVistrial 
I Research, associated with the University of Pittsburgh’, 
has developed a new method of providing faedities (or .the 
study of specific industrial problems, financed by interested 
manufacturers, by'imiversity graduat es j 

15 —{(* 30 ) ■ 
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SevJ;al of the technical high schwls in Germany^'notably 
Charlottenburg, Stnttgart, Chemnftz and Munich, carry 
•on commercial testing for the’industries. Many of^these 
institutions are not associated with universities, and their 
students lack the wider opportunities and brwader cultuje 
afforded by corporate university liff. 

RESEARCH IN INDUSTRY 

Many industrial firms possess laboratories for the purpose 
of conducting routine tects on material^in course of manu¬ 
facture, or facilities for testing fi,uishcd products. In 
some cases these laboratories go no further, but in others 
they undertake the solution of works problems, even 
though the experimental work is not termed research. 
Some works make provision for definite investigations 
for the improvement of their products in the form of a 
Testing and Experimental Dojiartment. It is, therefore, 
ycry difficult to differcnliatc between the works laboratory 
running as a routine department engaged in aiding regular 
prQduction, and the research laboratory, which also assists 
prixluction from a muc.h broader point of view, being 
prepared to undertake scientific investigations of a high 
order to do so, as thpre are gradations of all kinds in 
between. 

The difficulty is heightened still further by the fact 
that in some firms the'research department is rigidly 
sqparated from the productive departments and is not 
allowed f<j consider manufacturing problems, while in 
other cases the department supervises materials and" 
processes and undertakes the routine testing incidental 
to such control, being intimately associated, therefore, 
with the njunufacturing departlnents. Again, in some 
, cases',' the research department' is associated with the 
testing and inspection of finishoi j roducts, and with the* 

, remsfly of breakdowns in service. 

Thj actual responsibility.depends much on the character 
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of the industry, the personnel in charge of the work, and 

on the general*vicw taken by the directors of the purpose 
(tf the researclj. • 

,.A few illustrations may be given of firms who undertalsp 
research work on some,scale. In Great BritUin pray b» 
mentioned Iievcr Bros.,' for soap Hind allied products; 
Boots Pure Drug Co., for .drugs and fine chemicals; British* 
Dyes, Ltd., for coal-tar products ; Metropolitan-Vickers 
Electrical Co., Lt(l., for electrical machinery .and stSam 
turbines ; Kynoch, Ltd., for explosives and mechanical 
products ; the Osram-Robertson Lamp Co., for electric 
incjftidescent lamps; the Brown-Firfti Laboratories and 
Hadfields, Ltd., for steel ; Brunner, Mond & Co., for heavy 
chJnlicals ; Chance Bros., for optical glass ; Adam Hilger, 
Ltd., for scientific instruments; Nobels, for explosives ; 
Rhondda Research laboratories, for coal; Burroughs, 
Wellcome & Co., for*finc chemicals; and Tootal, Broadhurst, 
lae & Co., for textiles. 

‘ Among the continental firms who have research labora¬ 
tories may be mentioned Andre Citroen, makers of gears 
and" automobiles; Krupp’s, whose laboratories built in 
1908, cover a ground space of 39,000 sq. ft. and provide 
118,500 sq. ft. of working space ; Badischc Anilin Fabrik, 
for dyes and synthetic* nitrates ; Zeiss works at Jena, 
for optical glass; and thb I-aboratoires Lumi^e, Lyons, 
for colour photography. An interesting consulting labora¬ 
tory is the world famous ceramic laboratory founded in 
1876* at Berlin by Seger and Agron, now co»ducted as a 
limited "edinpany by Seger, Cramer & Cp. It occupies a ^ 
four-storey building and has a staff <sl ovqr 130 people. 
Tte German Association of Cement Manufacturers devotes 
£3,000 per ahnum to ,seifntific, research. In 1912 a 
research on composition of cement was carried out 
at Gross Lichterfelde, for-which‘tke Association provided* 
£ 1 , 000 , • ' " ” 

A limited liability research company was'founded in 
1898 aC Menbabels,herg by t number ol'^ firms engaged in 
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the ntanufacture of powder, ^explosives and mtfnitions. 
Research is conducted in the sphene of activity of ^le 
firms concerned, pafticulaify on the chemistry of explosives. 
The personnel numbers about thirty. * ^ ^ 

In the United States may be mentioned the General 
Electric Ca, and the \Yestinghous(fElcctric aniJ Manufactur- • 
,ing Co., for electrical machines^and allied products; the* 
Eastman Kodak Co., fcfr photographic material; the H. K. 
Mulford Co., for drugs; Du Pont de Nemours, for explo- 
^ves; Vacuum Oil Co., for oils. A. *D. Little, Inc., of 
Boston, acts as, consultant for industry and possesses 
fine laboratories. •Commercial investigations arc .also 
undertaken by Electrical Testing I.aboratorit;s, New 
York. 

There are a number of miscellaneous institutions engaged 
on work‘of a standardizing character, which is worth 
mentioning in view of the relation between research and 
standardization. The Birmingham Proof House, for the 
testing of guns and firearms, was established in 1813, tty 
special Act of Parliament, primarily for the safety of the 
public. The Manchester Chamber of Commerce Textile 
Testing House was cstablishecL in 1895 for the conduct 
of standardized tests on textile fibres. Parallel institutions 
are found in the United States (such as the Underwriters 
Laboratories, Inc.), and in Germany (such as the Textile 
Testing House at Chemnitz). * 

Two interesting types of indSstrial laboratory have been 
founded in Birmingham. The City Gas Department Jias 
a labcyatory primarily for the benefit of local.use»s of gas 
' whornffy wish to ^^end its application, or to obtain advice 
as to methods, types of furnaces, etc. The Midlajrd 
Laboratory Guild is a co-operative laboratory maintained 
for the conduct of worTc?control tests for s^v^al subscribing 
» but financially indepeftiJenf fijms eilgaged in thl nonr < 
’ ferrous industry. The fesoufees at the disjosal of each 
firm cost less than would be required if each maintained 
a separate labora^rry. 
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SCIENTIFIC 'AND TECHNICAL * 

‘ . lIJSTll’UTIOWS 

.It is noteworthy that until Vecent years some of Jthe 
largest and mo'st consistent supporters of scientific research 
and pro'grcss liave been scientific men themselws througii, 
1 their "prof essiynal instituCions. „ 

Royal Society. The Royal Society has for many 
years aided individual research workers by grants from its 
funds, and has been in receipt of £4,000 per annum from the 
Treasury to facilitate this. * 

Conjoint Board of 'Scientific Sq'ciETiES. While 
the Conjoint Board does not aid res«arches itself, it re- 
presents^a large number of affiliated institutions, 116 in 
number, many of whom do so. 

British Science Guild. This propagandist body, 
founded in 1905, endeavours to co-ordinate ' industry, 
science and education. It promotes and extends the 
application of scientific principles to industrial and general 
purposes, maintains the position of the scientist in relation 
to the Government, and assists in creating that public 
opinion without which scientific progress must remain 
academic only. An excellent illustration of its work 
in this direction was provided by the Scientific Products 
Exhibition in London and the Provinces, in 1918 and 1919. 

Royal Society of Arts,\nd Manufactures. Founded 
to advance 'the application of science to arts and mjjnu- 
factures, and carrying ort its work through numerous 
regular lectures by experts. , 

BritkHiAssociation. The British Association fpr the 
Advancement of Science has generally bpen able to kupport 
private researches to a limited extent, largely through the 
small surplus, left from the Annual Meeting of the 
Association. • ' ' ' 

. OrHtR Institutions. Pth^r yfstitutions, representing 
one particular science, have in mart/ eases aided researches' 
at k particular laboratory, or have actually organized 
researcjies themseWes. The Institutioi^ of Mechanical 
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Eliginciy^ji thus provided fiftids for the research in alloys, 

supcrvisAl by the AJloys ftesearch’Comraittee, wfiile the 
Institution of felectrical Enginocrs* has<assisted researches 
in Buried Cables, Insulating Oils, and others. The Iron 
artd StAd Institute and the Institute of Metals have also^ 
aided researches, the fonuer through the Carnegie Fund, 
by which researches of applicants are aided. 

Academie des SciENcfis, The JPrenc.h Academic dcs 
Sciences distributes each year £6,000 in prizes for scientific 
research. • ' ' • 

SociETE D’Encouracement pour LTndustrie Nation- 
ale. 'fliis body fills a similar place in^French industry to 
that occupied in England by the Royal Society of Arts, on 
which it'was based. About twenty years ago the society 
commenced subsidizing industrial research which was 
systematically directed towards definite ends. Each line 
of research is followed according to a fixed programme 
under the direction of a member of one of its committees, 
aijd in this manner remarkable results have been achieved 
for the money Expended. Out of an annual income of 
£4,000, about £600 is set aside for research. Tanning, 
ceramics and metallurgical problems have been dealt with. 

Verein Deutscher Ingenieure. This society is one 
of the strongest technic;^! societies, if not the strongest, 
in the world, comprising about 25,000 members. Through 
the Emperof, its former director, Peters, procured the 
creation of the degree of Pocter of Engineering at the 
technical high schools, in spite of the opposjjicai of the 
univTrsities. Out of an annual expenditure of £60,000, the 
Verein devotes £4,000 to subsidizing industrial retearch, 
allotted by a committee of twelve members.* About one 
huKdred reports arising from these subsidized investi¬ 
gations have bpei} published -at a ctheap rate. The woric 
is gener;dly entrusted to men of proved capacity working 
'at' institutions possessing conjipletetequipment. 

O^HER Research Endowments. Various agencies for 
encouraging scientifir researph carry on their function 
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by offering prizes, such as tl^ose of the Nobel .trustees. 
Recently, the Paris Academie des Sck!nces/:ame into pos¬ 
session of the funds plac8d at its disposal by Loutreuil 
for encouraging scientific research. The iheome of tlie 
Jegacy is dispersed by a commission of six members of tfie 
Academic,.the presi^pnt, two pd^manent secretaries,*and, 

(three rtembers elected by the Academic, one of these* 

« 

being from mathematical science and a second from 
physical^ science. This commission is obliged to receive 
proposals for research from a larger aifvisory commission, 
including representatives from all the important scientific 
bodies in France and all scientific men the president of 
the Academie designates. The plan of separating executive 
authority and advisory body is considered extrenjely 
wise. 


INTERNATIONAL RESEARCH 


Science transcends all boundaries set by frontiers or 
language, and the inevitable result of the growth of fc- 
.search in all countries will be an increasing communication 
and interchange of information that will fiacilitati; the 
formation of international groyps for the encouragement 
of research. The conferences and meetings which will 
follow will form a powerful internationalizing force. The 
tendency has been shown by th» series of conferences which 
Icdjto the production of the International Catalogue of 
Scientific Literature, the Congresses in Applied Chemistry, 
international work on standardization and testipg of 
njatefials, and by the Brussels Conference h(;ld.in July, 
1919. * *, 

Such an fnternational movement is inevitable, and its 
benefits will be felt not only by science bgt by the wfiole 
commonwealth, since It invdlves a wid»r yea of contact 
between nations and ar^plly ugderstafiding of oth* poinjts, 
of view. In the past traditional influences in science , 
teaching, 4he views of men of outstanding gertVis* and 
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points (>f*vicw in certain natters of scientific controversy 
wljjch were distinctly national, but i^isbecoming increasingly 
difficult to differentiate schools* of tho'ught by mean§ ol 
national^ bounclarics. The greater the facilities for studj 
and teaching at foreign universities, the greater the 
•difficulty will, become, tn this wayt science will become 
'an international and humjinizing force which cannot fai! 
to exorcise enormous influence on the*progress of civilization 
and the future of • 



C'ONCLUSIOIif 

JIritish iiMjustrial supremacy was originally fouiMcd oti 
the native ingenuity and inventiAltncss, business capacity 
^nd eneiHy of her people. The qualities of mind and heart 
which distinguish the race found*cxprcssion in a high code 
of taisiness morality, in sterling workmanship, in world-wide 
enterprise'in marketing. Character atid capacity went 
hand in hand. TJie industrial gsowth of competitors was 
inevitable, and the <levclopment of other great industrial 
countries, notably Germany, .shows a marked correlation 
between progress achieved and the extent of apflicatjon 
of scientific research. It is profitable to consider whether 
the condiKt of our industries on a strictly scientific basis 
will result in any weakening of that strong practical sense, 
doubtless innate, but strongly reinforced by experience, 
which is so commonly found in all grades of workers in ovr 
industries. Will it remove, or tend remove, that 
ability to improvise and to adapt, which renders the British 
such a great race of amateurs, in the best sense of that term f 
For several reasons the query must be answered in the 
negative. Doubtless in some cases the development of 
industry through research rci^ders empirical knowledge, 
both of experience—whether it be the skill of tlje craftsman, 
the designer or the industrial ^ministrator—less necessary 
than knowledge of principles, or scientific knowledge, 
ljut yiis state of affairs is inevitable, and wijl continue, 
for it fe charactAjstic of man’s progress through the ages. 
Furthermori, the region of greatest initiative and industrial 
enterprise at the present time is the Unit^ States, wllere 
the Americans haVfe‘unreservldly adijpUed research in 
industry to such an qjetent that European tribute the 
States increases every 3 iear,*aB(f there is no reason to suppose 
that the rpsult is anything but beneficial to*Ameri^ in all 
directions. Scientific research is aepositive asset which ■ 

.. * • m ’ " r 
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can be ^ilized to aid such other advantages as we possess. 
Indeed,‘those,qualifies ^^^ich distinguish the scientific 
mmd—thoroughness, resource, adaptability—are predojnin- 
antly British, tnd (^ir distinguished record in pure scientific 
dllicovcty indicates what may be expected when^kfee countrj^ 
,is thbroughly^organized So undertak(j applied research. 

' So far as meeting foreign competition is concerhed, the « 
cheapest labour in modern industry is that of the most 
highly-paid, highly-skilled, and most intelligent workers. 
The most profitable industry is that which incurs judicious 
expenditure on the prevention of waste,of material, time 
and,energy in its operations by theif scientific analysis 
and reduction to a minimum. By scientific research this 
coqptry'can revitalize flagging or moribund industries 
and maintain a high standard of living and employment 
for its workers. • 

Science will therefore enable British workers of all 
grades to make more conscious in industry those qualities 
which have contributed to success in the past. The 
possibilities of development between the constituent parts 
of the Empire in methods of transport, in the wide range 
of natural resources avaikye, in the economic location of 
productive enterprises, as well as in many other directions, 
are such as to warrant enlisting all the aid wjiich research 
can give. If it is undert^jeen systematically there is no 
doubt that Britain will reap a reward from researchj in 
industry comparable with, and possibly exceeding, that of 
other ^eat industrial nations. 
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attempt ^as been made in this bibliography to incRide tfle 
more significant contributions to the subject. Where the nature 
of the contribution is insufficiently or Imperfectly iijdicatcd by the • 
title a d^criptive note is added. * 

No student of scientific rescarch*and its development should 
omit to examine the annual reports and other publications of the 
Department of Scientific and Industrial Research, and of analogous 
ipstitutioift ■ in the Dominions and foreign^ countries, especially 
of the National Research Council (U.S.A.). 

The references glyen are arranged under two main headings, 
books and periodical articles, the latter being classified alphabetic- 
ally under main headings corresponding approximately with the 
chapter headings. The numbers attached to each reference to 
the articles refer to volume number and page. Under the heading 
“ Research Developments in Industrial Countries," the place-names 
are given in alphabetical order in preference to names of authors, 
except for,general articles. 


ROOKS 

Drsaper, W. P. Notes on Cfumical Research (Condon : Churchill, 
2ndccln.. 1920, 195 pp.}. Indicates the nature of research apd 
method of investigatiim, principally in chemistry. • 

Duncan, C. S. Commerciul Research (New York : Macmillan, 1919, 
385 pp.). Advocates the application of setentific method to 
the surveying and collection of business facts as a foundation 
for business policy. « 

Fleming, A. P. M. Science and Industry : Industrial Research in 
the United States of America (London : Stationery Office, 1917, 
60 pp.). A detailed, illustrated account of about fifty labora¬ 
tories in the U.S.A., national, industrial, university, and com¬ 
mercial, with suggestions as to the Ix-aring of American 
developments on British practice. * 

Glazebrook, Sir R. T. Science Industry : I he Place of Cant- 
bridge in any Scheme for their Combination (Rede Lecture, 1917) 
(Cambridge Univ. lYess, 1917, 51 pp )- * « 

Gore, G. The Art of Scientific Discovery (I/)ndon: Longmans. 
Gr^ & Co., *1878. 648 pp., o.p.). While ovetto^ed with 
illustration and*wnduly discursive this book, considering its 
date of pAbliciion, is a remarkably complete presentation of 
the conditions, experimental and personal, the observanijy of 
which increases the possibility or success lin research. The 

* illustrations are raalnSy drawffi ftom phys^8<iand chemistry. 
Orsgorv, R. a. Discovery (London: Macmillari, 1918, 347 pp.). 

Of ransderable inspfratiojial y^ue iRustrating the^ ootlook,^, 
method, disinterestedness, and possit^ties of scientific research. 
Hayward, F. H. Professionalism and Origiuality (London: ' 
Alten ^ Unwin. 1917, 260 pp.). Analysis of the faufti 6f the 

• professional h^t of mind, especially opposition to originality. 
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Iles, Q, Inventors at Work (London: Doableday, Va^e & Co., 
1906» 503 Fp.). Includes Chapters on«origina] reseai^, obser- 
, vation, and. experiment. Digests, many views on genius and 
. illustrates the work of discoverers and inventors from their 
biographies * * 

Knowlson, T. S. Originality (London; Laurie, 1917, 304 pj.). 
* A iftn-technlcal discussion of originality and th%circumstajic|p 
Vhich assist or retard Us expression. 

Massachusbtj-s College ot Technoloow. Technology and Indus¬ 
trial Efficiency (New York: McGraw-Hill, 1911,' 488pp.)_ 
Papers presented at the •fiftieth anniversary of the charter of 
the College. Many papers refer to scientific investigation or 
control of industrial processes and developments, several of 
which are noted elsewhere in the bibliography. • * , 

Mees, C. E. K. Organization o) Industrial Scientific Research 
(New York: McGraw-Hill, 1920, 175 op.). Incorporates a 
number of important papers contribute* by the author to 
American periodicals. * 

Mercier, C. a. Human Temperaments (London: Scientific 
lYes.si 1917, 91 pp.). Suggests broad differences between 
.mdhtal constitution or temperament of the creative worker and 
the business man. 

Paulhan, F. Psychologic de ITnvention (Paris: Alcan, 1^1, 185 pp.). 
Refers to literary and artistic creation as well as to scientific and 
industrial invention. Analysis of conditions and predisposing 
causes. ' 

Pearson, Karl. Grammar oj Science (London : Black, 3rd edn., 

, 1911, 394 pp.). A technical discussion of the fundamental 
• concepts of science, space, time, force, matter, motion. 
Poincare, H. Science and Method (London: Nelson, 1914, 
288 pp.). Collected studies on scientific method, including the 
eSsays on " The Selection of Facts" and " Mathematical 
Discovery.” • 

Roux, M. J. Les laboratoires^fietduslriels d’essais en Allemagne 
(Paris: Dunod & Pinat, 1913, 93 pp.). Detailed account of 
German laboratories for the study of fermentation, foods, 
ceramics, leather, etc., and for the testing of materials. 
Schulze, G. Die Wirtschafmche Bedeutung des Materialprii^ung- 
swesens dtr Tecknsk. (Potsdam: Bonness & Hachfeld, 4919, 
99 pp.). e 

Schuster, Sir A. (Ed.). Intemationtd Research Council. Reports of 
Rrficeedings of the Constitutive Assembly, Brussels, 1#19 (London: 
Harrijon & Sons, 1920, 286 pp.). First Report of Proceedings 
of the Cduncil, which aims at providing apfiropriate n^emis for 
international action to ensure the co-ordiniition of research and 
the estabUshment of a scientific entente, * 

SsyrARD, A. C. (£d.). Science and the Nation (Cambridge : Univer¬ 
sity Press, 1N7, 328 pp.). Essays emphasiiing the importance 
of pure scienfe jn its vaifeud brancllM to national prosperity, 
with illustrations from war and pre-war experience. 

SouRiAit, P. Thiorie A I' Invention Hachette, 1881,156 pp.). 

Endeavours to establish the thesis e that the collision of’ 
ideas resulting in invention is fortuitous, but that the mind 
hi which the ideas germinate must be prepared! to receive 
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Taussrj, F. W. Inventors and Mon^ey-mahers (New York. Mic- 
miUftn Co., 1915,135 pp.). Insects of the inventor.^Identifies 
the instinct of contrivance in the investor vjth that operating 
in the business mati as <A:g%pizer. * 

TilS>BN, Sir W. A. Chemical Discovery and Invention in ike Tweniieik 
Century (London: Routledge, 2nd edn., 1917,*487 pp.). Three 

* chapters^eal with laboratories and apparatus, pnnoipally ^or 
teaching purposes. 

Various. d)e la mHhq^ dans Us sMences (Paris: Alcan,*1915 
FirskSeries, 4thedn.; 2nd Series, 3rd edn.). Dcffis with scientific^ 
method in all the principal bitches of science, by various 
specialist authors. * 

W^LUCH. . Deutsche Forschungsstdifen technischer Arbeit (Berlin: 
for the V.D.I. by Springer, 1919, 183 pp.l. A complete account 

• of all the technical and research laboratories in Germany. 

Westawav, F. W. Scientijic Metkof (London: Blackie, 2nd edn., 

1919, 426 pp.). •The philosophy and logic of scientific method, 
illustrated by extmets from the works of eminent scientific men. 

Whitehead, A. N. The Organisation of Thought {Londoni Wflliaras 
& Norgate, 1917, 228 pp.). Collection of essays, principally on 
education. The essay giving the book its title and the succeeding 
one bear directly on scientific method. 

• PERIODICAL ARTICLES 

(1) Relation of Research to Industrial and 
Economic Progress 


Bacon, R. F. “ Value of Research to Industry.” Science, l^th 
Dec., 1914 ; 40, 871. Outline of the achimfcmcnts and valilb of 
the ch e mical industries of Germany, Sweden, Norway, Holland, 
Belgium-—progress in physico-chemical research and metallurgy 
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Barry, Sir J. W. “ Standardization of Engineering Materials, 
and its Influence on the P^lperity of the Country.” I.C.E., 
Mins, oj Procs., 204, 331. 
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Coming Economic Crisis.” Ttans. N.E. Coast Inst. Eng. & 
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Firth, Sir A. ” Sdentific Research and Industrial Development 
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Hale, G, E. Industrial Research and National Welfare. Science, 
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Harper, R. A. ” Stimulation of R^arch After Abe War. Seten^, 
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Hesse. B. C. ” Contrib&ons«of the Oremfst to Industnsfl Dt velop* 
ment of the United Slates.”* Jour. I.E.C., Apr., 1915; 7, 293. ^ 
A record of achievement—cash value. • . 

HessenbrIich, G. S. ” Research and Industrial Wastes# Mech. 

* Engg., Feb.j^l920| 42. 105. 
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Economic as veil as an other sciences. 
t Chatbuer, H. " Du r61e de laiscience dans le d^veloppement 
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